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Advantages 


Gets all the grain 
from any field be- 
cause it has a fioat- 
ing header, counter- 
balanced by the 
thresher unit and 
quickly adjusted. 
Fast threshing in 
light or heavy straw 
by big capacity, all- 
steel, unbreakable 
eylinder. 

- Complete separation 
beginning at the 
perforated concaves 
and finger grates 
and finished over a 
non-clogging, steel 
straw rack. 
Thorough cleaning 
of grain by two 
complete cleaning 
shoes equipped with 
underblast fans. Fi- 
nal cleaning under 
eyes of the opera- 
tor. 

Light draft because 
the weight is cor- 
rectly distributed on 
main axle. 


N 1913, A. C. Wurzbach was growing better than average 
cotton in Texas, but not making money enough to suit 
him. Study of his conditions convinced him that he could 

do better raising livestock. 


Last year 285 acres of his farm carried stands of oats, 
wheat, sudan and other feed crops. Hearing of the economies 
effected by combines in the winter wheat territory, he made 
a trip to investigate, got the facts, and ordered a Case Com- 
bine. He reports a dollar an acre saving on his harvest costs. 


Because Mr. Wurzbach knew something about the science 
of farming, he could decide upon a paying system. Because 
he selects his equipment on a basis of facts, he is today one 
of the most successful farmers in Texas. 


Case machinery enables every progressive farmer to adopt 
and carry out the farming methods that insure success. For 
87 years this Company has specialized on machines of high 
efficiency. 


J.I. Case T. M. Co., Inc., Dept. E-6, Racine, Wis. 


There is a Case Combine fer 
every farm—four models— 


width ef cut frem 8 to 20 ft. 


QUALITY MACHINES FOR PROFITABLE FARMING 
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Pr ot ec ti n g | Waen siiniiaainen. tillage implements, 


harvesting machinery and other farm 


farm machinery equipment is Hyattized, the need for con- 


stant bearing care and worry is eliminated. 


With the vital bearing parts Hyatt pro- 
tected the entire equipment is made m ore 
carefree and easier to operate. 


For ydur guidance all Hyatt equipped tractors and implements are listed here: Tractors— 
ADVANCE-RUMELY, ALLIS-CHALMERS, ALL WORK, AVERY, BAKER, BATES, 
ry a CASE, CATERPILLAR, CLETRAC, DEERE, EAGLE, HART-PARR, HEINZE, HUBER, 
2S°s" KECK-GONNERMAN, LAUSON, LOMBARD, MASSEY-HARRIS, MINNEAPOLIS, MONARCH. 
RED-E, ROCK ISLAND, TWIN CITY, TORO. Crawler Attachments for Tractors—ALWATRACK, 
“f= BATES, ELECTRIC WHEEL, TRACKSON, RIGID-RAIL. Threshers—AVERY; BAKER, BELL, 
ee CASE, DOYLESTOWN, ELLIS-CHAMPION, FARQUHAR, BANTING, FRICK, GEISER, GILL 
PEERLESS, HUBER, KECK-GONNERMAN, MacDONALD-DECKER, MATTHEW MOODY, MESS- 
INGER-IDEAL, MINNEAPOLIS, NICHOLS & SHEPARD, PIONEER, SAWYER-MASSEY, TWIN CITY, 
WATERLOO, WHITE. Combine Harvesters—ADVANCE-RUMELY, AVERY, BALDWIN, DEERE, FROST & 
WOOD, GLEANER-BALDWIN, HARRIS, HOLT, MASSEY-HARRIS, NICHOLS & SHEPARD, TWIN 
CITY, WATERLOO. Combine Changeovers—VICTOR. Corn Pickers—DEERE, McCORMICK-DEERING, MILLER, 
NICHOLS & SHEPARD. Corn Huskers—HUBER. Corn Shellers—JOLIET, MOUNTVILLE, WESTERN. Grain 
Binders—DEERE, McCORMICK-DEERING. Grain Graders—EMERSON, Grain Blowers—LIBERTY. Grain 
Shockers—INNES. Ensilage Cutters—PAPEC, I. B. ROWELL ‘“‘TROJAN."’ Oat Hullers—ROSCO. Feed Grinders 
—BADGER, BRANTFORD, DELLINGER PEERLESS, GLEACO, HOWELL, FLEURY’S “‘RAPID EASY,” 
NEWHOLLAND, VESSOT. Manure S preaders—COC<SHUTT. Litter Carriers—NEY.S, praying Machines and Dusters 
—FRIEND, MESSINGER, NIAGARA. Windmills—ALTHOUSE-WHEELER, AXTELL, BUTLER, ELGIN, 
WESTERN GEARED. Field Mowers—THOMAS. Tractor Sawmills—-AMERICAN, AMIDON, CHASE, FAR- 
QUHAR, FRICK, GEISER, LANE, LILLISTON, MEADOWS, TAYLOR, TURNER. Beet Marvesters—GREY- 
HOUND. Plows—PULVERATOR. Rolling Coulters—B.F.AVERY. Farm Elevators—DEERE, G. & D.,KEWANEE; 
PORTABLE. Crawler Cane Carts—MOORE & MOORE. Grain Drills- COCKSHUTT, FARQUHAR, MOUNTVILLE, 
SUPERIOR. Separators—DE LAVAL. Churns—SIMPLEX. Milker Pumps—DE LAVAL. Peanut Pickers—LILLISTON. 


Sturdy Hyatts lengthen the life of equip- 
ment, save power, andreducemaintenance 
to infrequent lubrications. _ 


Most prominent manufacturers of 
tractorsand power farming machinery use 
This ia she Mark of Hyatt Protection... red Hyatt Roller bearings to give the farmer 
Fe a Nr aR many extra years of carefree bearing 


guide of permanent bearing satisfaction 


performance. Note the extensive list of 
4 Hyatt-Protected implements given above. 


Farmers feel secure in purchasing 
equipment that employs these better 
bearings—Hyatts. 


HYATT ROLLER BEARING COMPANY 


Newark Chicago Detroit Pittsburgh Oakland 


“ROLLER BEARINGS 


PRODUCT OF GENERAL MOTORS 
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INCE the inception of the farm tractor, the aim of 
tractor engineers has been to design and produce a 
successful general-purpose tractor. Success has crown- 
ed these efforts in practically every farm operation except 
row crop cultivation. The development of the successful 
row crop cultivating tractor is one of the most important 
present day problems within the scope of agricultural engi- 
neering. Obviously the solution of this problem will mark 
the beginning of a new epoch in power farming. It is not 
the object of this paper to offer a solution for the cultivat- 
ing tractor problem, but rather to analyze the problem, 
which analysis, it is hoped, may assist in future work along 
this line. 

A tarm machinery survey, conducted in Virginia in 
1925, indicated that the general-purpose tractor was the 
most important farm equipment problem confronting the 
farmers of the state. This led to an experiment station 
project, the object of which is to determine the basic 
requirements of the successful general-purpose farm trac- 
tor. However, this problem is not distinctly Virginian; 
neither is it southern, nor eastern; it is one involving the 
entire country. 

During the past year a questionnaire survey of the 
agricultural engineering departments of the various state 
agricultural colleges was used to correlate the experi- 
mental work conducted in Virginia with national condi- 
tions. In this survey replies were received from thirty- 
eight states, thirty-six of which returned the questionnaire 
in completed form (Fig. 1). 

The best measure of the worth of the general-purpose 
tractor is contained in the answers to the question: “What 
percentage of the farmers in your state could use a row 
crop cultivating tractor to economic advantage?” The 


1Paper presented at a meeting of the Power and Machinery 
Division of the American Society of Agricultural Engineers, at 
Chicago, December, 1928. 


2Assistant agricultural engineer, Virginia Agricultural Experi- 
ment Station. Assoc. Mem. A.S.A.E. 
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Er COLTIVATING TRACTOR SURVEY 
QUESTIONNAIRE 


Fig. 1. Sketch of area covered by replies to general-purpose 
tractor questionnaire 
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The Requirements of the General- 


Purpose Farm Tractor 
By D. C. Heitshu’ 


average for thirty states is 31.9 per cent, with the individ- 
ual state classifications showing from 1 to 90 per cent 
of the farms in each state as prospective general-purpose 
tractor farms (Fig. 2). Furthermore, it seems certain that 
inter-row tillage cannot be done away with entirely, since 
inter-row tillage is recommended, in the thirty-four states 
answering this question, on the following basis: One cul- 
tivation, nine; two cultivations, twelve; and three cultiva- 
tions, nine. .Only two of the states deemed it advisable 
to control weeds and conserve moisture by thorough tillage 
previous to planting, limiting the later tillage operations 
to the use of the drag harrow, weeder, and rotary hoe. 
Two states did not make definite recommendations. 


A major factor in the cultivating tractor problem is the 
varying widths of row spacings used in different parts of 
the country. The distance between rows varies from 12 to 
72 inches; and crop, soil, climatic, and economic condi- 
tions allow but little argument in favor of changing the 
established widths. It is the duty of the engineer to meet 
these conditions with manipulations that will not adversely 
affect the quantity or quality of the yield of the crop con- 
cerned. For example, an alternate spacing of 9-15-9-15 
inches in all probability is as practical as a 12-12-12-12- 
inch spacing, and may make tractor cultivation possible. 
Within certain limits row widths can be standardized. In 
a given agricultural province there is no logical reason 
for a few farmers planting beets or beans in 18 or 21-inch 
rows, when the large majority use 20-inch rows. Such 
standardization of row widths should be encouraged 
wherever practicable. 

An analysis of the data secured in relation to the width 
of rows (Fig. 3), indicates that the normal width of rows 
falls between 36 and 48 inches. To fully adapt the tractor 
to inter-row tillage operations, however, it is necessary 
that the tractor work in rows from 30 to 48 inches in 
width. For rows smaller than 30 inches or larger than 
48 inches, some combination of widths can be arranged to 
adapt the crop to tractor cultivation. Fig. 4 shows the 
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Fig. 2. Graph showing the number of farms adapted to the use 
of the general-purpose tractor 
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range of row widths commonly used in each of the report- 
ing states: Eleven states have all crop rows 36 inches 
or greater in width; eleven states have some row crops 
in rows less than 36 inches wide, with the majority of 
crops in rows over 36 inches wide; and fourteen states 
have important crops growing in rows less than 36 inches 
wide. Considering the crops involved, their importance 
and the areas concerned, the ideal general-purpose tractor 
must be able to cultivate rows varying in width from 30 to 
48 inches. 

The height and width of plants at the time of the 
last cultivation varies even more than does the width 
of row. The maximum height of the cultivated plants 
in the different states ranges from 24 to 72 inches, the 
36 to 41-inch classification covering the major group (Fig. 
5). The average height at the time of the last cultivation 
is 41.1 inches, with corn representing the major crop in 
this class. The maximum width is even less fixed, extend- 
ing from 6 to 60 inches. The average maximum width 
of plants is 28.6 inches. In twelve states potatoes have 
the maximum spread; in 8 states, corn; and in 8 other 
states, cotton. 


In the poll as to whether it is desirable to have the 
clearance of a cultivator sufficiently large to care for the 
maximum height and width of plants, thirty-one states 
voted “yes” and four “no.” That the majority of crops 
can be cultivated with less clearance than the actual size 
of a plant demands is shown in the average desirable clear- 
ance, which is 32.6 inches vertically, and 23.1 inches hori- 
zontally. The clearance necessary in row crop cultivation 
can be chosen only by arbitration. All the data available 
show that 30 inches vertical clearance, and 24 inches, or 
even less, horizontal clearance should be sufficient for 
practically all crops. Properly designed shields can pro- 
tect some crops requiring greater clearance than speci- 
fied; but it appears that under extreme conditions, the 
one-horse walking cultivator or the so-called “garden” 
tractor must be used. In this connection it would be well 
worth knowing whether or not the last cultivation of row 
crops is an asset or a liability. Some states are recom- 
mending that the number of inter-row tillings be reduced. 
In cultivation, as with other operations, it is often well 
for the engineer to carefully review the specifications for 
a given operation, even though those specifications are 
the product of a competent agriculturist. 


In an endeavor to determine the more desirable fea- 
tures of the cultivating tractor opinions were obtained as 
to the type, size and range of operating speeds. The 
three-wheel, two or four-row type of tractor claims fifteen 
favorable states; the four-wheel, three-row type five states; 
and the two-wheel high-clearance tractor with unit hitch 
is favored by one state. “No preference,” “undecided,” or 
“no answer,” was the reply from fourteen states. One 
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Fig. 4. Sketch showing characteristic row widths of each state 
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Fig. 3. The range of row widths of cultivated crops in various 
states 


mechanical feature upon which a large majority agree is 
the question of mechanical changes to adapt the tractor 
to cultivation. The poll is twenty-seven against to four 
for the shifting of parts to increase clearance or otherwise 
obtain desirable or necessary features when cultivating. 
A tractor should cultivate as well as plow, without neces- 
sitating a shift in parts. 


A marked consistency is shown in the power rating 
believed desirable for this type of tractor. A 10-20-hp. 
rating is most popular (Fig. 6). The average of all an- 
swers gives the ideal general-purpose tractor a rating of 
10.1 hp. at the drawbar, and 19.6 hp. on the belt. A mini- 
mum of 20 b. hp. seems desirable, hence the drawhbar rat- 
ing should not be less than 12 hp., as any modern tractor 
should develop at the drawbar at least 60 per cent of its 
rated brake horsepower. 

The weight of the general-purpose tractor should be 
kept as low as consistent with good construction and effi- 
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Fig. 5. Graph showing the range of maximum row heights and 


desired vertical clearances 
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Fig. 6. Diagram of summarized weight and power demands 


cient traction, as indicated by the estimates given by the 
different colleges. The lowest figure is 2800 pounds, none 
exceeds 4000 pounds, and the average is 3596 pounds. The 
largest range group is the one between 3750 and 4000 
pounds (Fig. 6). Dimensions varied to a large degree, but 
the averages were 60.0 inches high, 76.7 inches wide, and 
112.1 inches long. The general opinion is that the dimen- 
sions of the tractor are not as important as the weight, 
but both the weight and the turning radius must be kept 
as low as is consistent with good design. 


Three forward speeds are an essential feature of the 
general-purpose tractor, the results of the survey indicate. 
Only two states believe two forward speeds to be suffi- 
cient; twenty-five favor three speeds; and three want four 
speeds. The average for the first speed is 1.8 miles per 
hour, the suggested speeds for this gear varying from 1.0 
to 2.25 miles per hour (Fig. 7). The ideal second speed 
is 2.9 miles per hour, with suggestions varying from 2.0 
to 4.0 miles per hour. In third speed the ideal is 4.2 
miles per hour. The minimum speed desired in “third” 
is 3.25 miles per hour, while the maximum is 5.5 miles 
per hour. Those desiring a fourth speed wish it for the 
road, and suggest a speed between 5 and 6 miles per hour. 


EXPERIMENTAL WORK IN VIRGINIA 

The general requirements for the general-purpose trac- 
tor and for its most important accessory, the cultivator 
unit, having been established, the detailed specifications for 
this equipment next needed analysis. The Agricultural 
Engineering Department of the Virginia Agricultural Ex- 
periment Station has dealt specifically with this problem 
since 1926, and herewith is presented a full progress report 
of this work. The data presented and the conclusions 
drawn from the data are not conclusive, but are offered 
to assist in the final solution of this complex problem. 

The Cultivator. The field work in Virginia indicates 
that the most important feature of the cultivator attach- 
Ment is that it be constructed as a separate unit from 
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Fig. 7. Diagram of summarized speed demands 


the tractor. This requires that it be practically self-sup- 
porting and not rigidly attached to the tractor. The as- 
sumption that the logical position of the cultivator is ahead 
of the tractor, where its operation can be observed in con- 
junction with steering, gives the separate unit cultivator 
four advantages: Flexibility, little or no weight thrown 
on the tractor to affect steering, ease of attaching and no 
interference between the gangs and the tractor in any 
adjustment or position. 

Flexibility in a tractor cultivator is as essential as 
three-point suspension is to the tractor. <A forward 
mounted cultivator unit cannot operate successfully, except 
in a field which is perfectly level, unless it can conform to 
the topography of the field being worked. This is impossi- 
ble with rigid mounting, as the lateral plane of the culti- 
vator and tractor is established by the rear wheels and 
axle. Since the distance between the rear axle and the 
cultivator gangs will vary between 6 and 10 feet, the 
change of the lateral plane of the cultivator is easily 
observed in field operation. Fig. 8 shows a “skip” re- 
sulting from the shifting of the lateral plane, a common 
failure in a rolling field when a tractor cultivator with 
rigid coupling is used. Equally as bad is the opposite 
trouble of the shovels sinking to an excessive depth from 
the same cause. The longitudinal plane of the cultivator 
is not as important as the lateral, but under certain con- 
ditions its shifting causes trouble. Flexibility in both 
planes can be secured easily, and is essential if the gen- 
eral-purpose tractor is to work in rolling, hilly, terraced, 
irrigated, or washed fields. 


A flexibly mounted cultivator unit prevents excessive 
weight being thrown upon the front end of the tractor. 
This is an important asset in sidehill cultivation. When 
working on a side slope the tractor tends to creep, and 
added weight on the forward portion of the tractor in- 
ereases this creep. For this reason designers should 
endeavor to make the cultivator unit as self-stabilizing as 
possible. The result of sidehill creep is also shown in 
Fig. 8. Here the row of corn is completely covered by the 
skidding of the front wheel while endeavoring to hold the 
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rigidly mounted cultivator in its proper position with 
respect to the row. This skidding, with its resulting dam- 
age to the young crop, is not entirely the product of the 
rigid mounting of the cultivator, but certainly the weight 
of the cultivator aids in causing it. Other factors tending 
to produce their side slip will bé discussed more fully 
later on in this paper. 


The cultivator for the general-purpose tractor must 
be arranged so as to allow it to be readily attached or 
detached, as the tractor is needed for work other than 
cultivating during the cultivating season. A separate unit 
cultivator is an asset in making these necessary changes 
as no heavy lifting or moving is required. The cultivator 
should be made so that the tractor can be driven into it 
and coupled in five minutes; this operation should not 
require more labor than the farmer and his helper can 
furnish. 

The fourth advantage of the separate cultivator unit 
favors the designer. When the cultivator is rigidly 
mounted it must be kept compact, and as close to the 
tractor as possible. This complicates the design, and the 
interference of parts is common. The-use of a unit culti- 
vator eliminates this trouble. 

A second major requirement of the tractor cultivator is 
the cultivation of the wheel tracks of the tractor. This is 
necessary for two reasons: First, the packing effect of the 
wheels destroys the mulch established by the cultivating 
process, and tends to firm the weeds in the soil so that 
they readily resume growth. Second, the packed strip of 
earth in the middle of the row forms a potential gulley 
which readily starts erosion with a heavy rainfall (Fig. 9). 


To cultivate the wheel tracks of the tractor necessitates 
having front and rear cultivator gangs, the front gangs to 
cultivate near the crop, and the rear gangs to cultivate 
the middle of the rows after the passing of the tractor. 
Though this complicates the cultivator construction, it 
introduces several advantages. In addition to meeting the 
requirement of tilling the packed tracks of the wheels, 
the front and rear cultivator gang arrangement balances 
the weight thrown on the tractor and thereby increases 
steering stability; furthermore, the tractor wheels have 
firm soil upon which to operate, thus increasing the stabil- 
ity of the tractor, and reducing the ridging effect of the 
wheels, as illustrated in Figs. 8 and 10. The rear gangs 
can be mounted rigidly upon the tractor as they are near 
the controlling axis; i.e., the rear axle. 


Self-leveling, or floating, cultivator gangs promise to 
be successful provided a simple floating hitch can be de- 
veloped. If this type of gang can be fully perfected, a 
rigidly hitched cultivator may prove successful. But be- 
cause of the seemingly complicated mechanism necessary 
to secure floating gangs the separate unit cultivator is 
preferred. However, simple floating gangs with a limited 
range of movement would add to the performance of the 
separate unit cultivator. 

Whether to make the gangs so they can or cannot be 
shifted is an important question confronting every tractor 
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cultivator designer. The gang shift has its advantages 
and disadvantages. In the field tests conducted at the 
Virginia station, a plat, designated by the letter “A,” was 
cultivated with the gang shift in use. Plat A, containing 
1502 corn plants drilled in four rows 500 feet long, suffered 
the following losses: Plants covered, sixteen; plants 
broken off, four; plants plowed out, four; total damage, 
1.7 per cent. In Plat B the gangs were locked and the 
control depended upon the steering alone. Plat B con- 
tained 1366 plants, twenty-one of which were covered, four 
broken off and nine plowed out, constituting a total dam- 
age of 2.5 per cent. The plants covered cannot be charged 
to the absence of the gang shift; so the final damage is 
eight to thirteen in favor of the shifting method. This 
margin is very small; and it cannot be considered as an 
average until it is augmented by data from different fields 
and with different operators. 

Better control was secured by using the gang shift on 
the cultivating outfit operated in this work. However. the 
use of the shifting device seriously affected the steering 
on cross slopes, and the shifting latch consumed time on 
the turns. The gang shift, to be successful, must not 
throw an extra burden upon the operator when operating 
on cross slopes; it must be self-centering for the shift 
latch, and it must be as simple as possible. 

Controlling the tractor and cultivator by means of the 
steering gear alone proved much easier for the operator, 
although the control was not as effective. With a steering 
gear of proper sensitiveness and with properly mounted 
cultivator gangs, the non-shifting cultivator should do as 
good work as the shifting type of cultivator. The 
general-purpose tractor to be used with a non-shifting 
type of cultivator requires a steering gear with a low 
ratio and corresponding quick response in its normal 
center position, this ratio increasing as the _ steering 
angle increases, giving the necessary leverage for certain 
control on the sharp turns. This type of steering gear, 
with the gangs mounted forward of the front wheels, 
should give adequate control coupled with ease of opera- 
tion, and be simple in mechanical construction. 

The standard equipment of eleven shovels on a two-row 
cultivator is unsatisfactory in a heavy soil with a rolling 
topography. The conventional shovel is the 3-inch double- 
pointed type. The spacing of eleven of these shovels is 
such that they fail to thoroughly stir the soil; and with 
a heavy rain, washing immediately begins in the furrows 
left by the cultivator shovels. Test plats were arranged 
for at the Virginia Agricultural Experiment Station and 
the following equipment used to determine this feature of 
soil washing: Fifteen 3-inch double-pointed shovels, eleven 
8-inch sweeps, and eleven spearhead shovels. No erosion 
was evident on any plat, but the quality of the work varied. 
The fifteen 3-inch double-pointed shovels did the best 
quality of work with a crop damage of 1.7 per cent. Both 
the sweeps and spearhead shovels left the soil in a poor 
condition of tilth, and the crop damage was higher, being 
5.5 per cent and 2.5 per cent for the sweeps and spearhead 


Fig. 8. Left) “x marks the skip resulting from a shifting of the lateral plane. At point ‘‘O’ the row is covered by front wheel 
skid. The row “‘Y-Y’’ is ridged by the rear wheels. Fig. 9. (Center) This shows the packing effect of the rear wheels. Fig. 10. 
(Right) An illustration of the ridging caused by rear wheels under sidehill conditions 
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Fig. 11. General design of a general-purpose tractor to meet as 


shovels, respectively. Considerable trouble was experi- 
enced in mounting the fifteen 3-inch double-pointed shovels 
because of the lack of space for the four extra standards. 
The gangs of a tractor cultivator should be designed to 
enable them to carry eight shovels per row whenever 
necessary. 


There should be only one lifting lever, rather than two 
or more, especially where the outfit is expected to work 
in small irregular fields so often containing obstructions 
in the form of gullies, rocks, and stumps. It is an indict- 
ment of the engineering profession to require a farmer to 
work two or four levers every time he raises or lowers 
the gangs of his tractor cultivator. One lever is all that 
is necessary; and with the power from the tractor engine 
available a power lift is feasible. 


The Tractor. The most important factor in the design 
of a successful general-purpose tractor is its steering. The 
tractor industry has made great strides in engine and 
transmission design and construction, but the majority of 
the control systems in use are crude. The automotive 
industry, in comparison, has developed the control system 
of automobiles, trucks, and busses to a high degree of 
perfection because women drive automobiles, and truck 
and bus owners look for a maximum of ton-miles and pas- 
senger-miles per day. The developmnt of the present type 
of automotive steering mechanism has determined the 
basic specifications of the ideal steering control system. 
These specifications are (1) an irreversible gear, (2) center 
point steering, and (3) correct ratio for precise control. 


The degree of irreversibility desired in the steering gear 
depends upon the design of the entire steering system. If 
true center point steering is obtained, the gear need only 
be semi-irreversible; but if the steering wheels are mounted 
on a non-pivoting stub axle, a full irreversible gear is 
necessary. The ratio used will likewise effect a change 
in reversibility. The lower the ratio the more reversible 
the gear will be for a given type of gear, and the higher 
the ratio the closer the gear will aproach to irreversibility. 
The objective to be sought in the design of the steering 
mechanism of the general-purpose tractor is the greatest 
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nearly as possible the requirements indicated by the study 


possible ease of steering consistent with the necessary 
precision gf control. 


Castoring the front wheels of the cultivating type of 
tractor will give quick response in dodging plants in 
crooked rows; but on a cross slope the castored front 
wheels will increase the tendency of the tractor to “nose” 
down hill. It is doubtful if castoring is desirable in the 
face of this trouble. A slight castor might be advisable, 
but this must be determined experimentally. 


Stability is essential in the design of any farm tractor, 
but in the general-purpose tractor it becomes doubly im- 
portant because of the work which the tractor is ex- 
pected to do. Longitudinal stability is well under- 
stood and needs no further discussion than to men- 
tion that it is just as important in the general-purpose 
tractor as in the older and more conventional models. 
Lateral stability in tractor design has not received 
much attention, other than to keep the center of gravity low 
enough, and the tread sufficiently wide to prevent the 
tractor from tipping over on a side hill. In the general- 
purpose tractor lateral stability becomes highly essential 
because of the accuracy required in planting and cultivat- 
ing. E. G. McKibben has stated the fundamentals of this 
problem’. In the general-purpose tractor, where stability 
means the ability of the tractor to travel in its prescribed 
course and to quickly respond to steering, the laws he has 
stated, which deal primarily with tractive stability, hold 
with equal force. A low center of gravity is as much an 
aid to satisfactory steering as it is to traction, and the 
side drift of a tractor on a cross grade is directly related 
to the height of the center of gravity. 

When the operation is on a side hill, extremely high 
skid rings on the steering wheels are advisable, and skid 
rings on the drivewheels are worthy of trial. The use of 
skid rings, of the same height as the lugs, upon the drive- 
wheels presents two advantages: First, greater stability 
upon side hills and, second, smoother operation on hard 


’“The Kinematics and Dynamics of the Wheel-Type Farm 
Tractor,’’ by E. G. McKibben, Vol. 8, Nos. 1-7 (Jan.-July, 1927). 
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road surfaces. The last item is very important in the 
general-purpose tractor, as it is frequently moved from 
field to field. Extensive hauling is not recommended with 
lugs and skid ring equipment on the rear wheels, but it 
will meet the normal requirements of the average farm. 

Controlling devices on the general-purpose tractor must 
work with the least possible effort. Ease of steering has 
already been discussed; but the gear shift, clutch and 
brakes are also important. Because of the wide use of the 
automobile and the thought given to the automobile con- 
trol system, it seems advisable for the tractor to copy 
this control. No sound argument can be made against its 
adoption as the standard control system for tfactors. One 
slight change is suggested for the general-purpose tractor. 
Field experience with automatic differential steering brakes 
indicates a need for improvement in this phase of the 
control. Automatic steering brakes are convenient for 
the operator; but under many field conditions the braking 
is more efficient if directed by the human brain. Since 
the automatic brakes cannot be endowed with the power 
of reason, double foot brakes are suggested to enable the 
operator to assist the differential in its action. 


The comfort and safety of the tractor operator needs 
careful thought in designing the general-purpose tractor. 
The large majority of present day tractors are safe for the 
operator, but not comfortable. A truck driver is given all the 
comforts of a coupe to insure his continued efficiency; yet 
the tractor manufacturers offer the farmer a tractor with 
a pressed steel seat that possesses neither back nor 
springs. They also offer a multiplicity of levers and pedals 
so arranged that disengaging the clutch and shifting gears 
is sometimes impossible without first getting off the seat, 
or, at least, sliding to its forward edge. Every tractor 
designer can profitably spend fifteen minutes with a rule, 
pencil, and pad of paper studying the layout of the driver’s 
seat and the controls of the automobile in which he rode 
so comfortably to work. There are no deep’ mysteries 
involved in the comfort of the tractor operator. 


The power take-off can be increased in usefulness by 
arranging it to be driven by a clutch separate from the 


Fig. 12. Diagram showing the adaptability of the tractor shown in Fig. 11, to various row widths 
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master transmission clutch. In Virginia a large number 
of the spray rigs used in orchards are drawn by tractors, 
yet the spray pump is driven by a separate small gas 
engine mounted on the sprayer. The majority of spray 
rig troubles are caused by this small engine. With these 
rigs pumping 12 to 15 gallons per minute at a pressure of 
300 or 400 pounds per square inch, the natural suggested 
solution is the power take-off. However, this solution fails 
with the present design because of the way in which this 
spraying work must be done. It is impossible to spray 
the trees as rapidly as the tractor travels, hence it is 
stopped frequently. This means that the power take-off 
driven sprayer stops, and a loss of pressure results. Usual- 
ly the tractor operator merely pushes “out” the clutch 
during this short stop; but the operation of the sprayer 
with the power take-off is complicated, for, after’ the 
tractor is stopped, the gears are disengaged, the clutch 
then alone engaged, and the gears finally reengaged before 
starting the tractor. The same procedure is met with in 
other attempted power take-off jobs. The advantages of a 
separately operated power take-off clutch are obvious; but 
only one make of tractor has taken advantage of this 
adaptation. 


Design. Two types of design are prevalent in the gen- 
eral-purpose tractor field, one based on the unit of two 
rows, and the other on three rows. Advantages are pos- 
sessed by each and the ultimate type cannot be predicted. 
The two-row type of tractor is basicly a three-wheel ma- 
chine. The steering wheel, whether in the front or rear, 
travels in the center of the two rows; and the drive- 
wheels, mounted on a wide-tread, high-clearance axle, trav- 
el outside of the two rows. The three-row tractor is a 
conventional four-wheel tractor with a high clearance and 
such width of tread as to enable it to operate between 
the outside rows of the three and to straddle the middle 
row. . 

The advantages of the two-row, general-purpose tractor 
are: 


1. The present development of two-row implements. 
Many of the important farm implements are being used 
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Fig. 13. Diagram showing the comparative lateral stability of the two and three-row types of general-purpose tractor 


in the two-row size; in fact, the major basis of farm opera- 
tions is the two-row unit. The fact that these implements 
and the technique of handling them are already present on 
the farm, is an advantage in favor of the two-row tractor. 

2. The ease of enlarging to a four-row unit. In locali- 
ties where the soil, crops and topography are suitable, the 
two-row tractor unit can readily be changed to a four-row 
unit. This means high production, a good load factor and 
continued use of the multiple of two rows. 

3. Lateral stability. The three-wheel type of construc- 
tion gives a low center of gravity and a wide tread. 

4. Adaptability to a wide range of width of rows. With 
a 72-inch rear axle and reversible 8-inch wheels, it is 
possible to cultivate rows from 30 to 48 inches wide with 
this type of tractor, and by proper alternate spacings, rows 
of less than 30 inches can be worked easily. 

5. Limitation, by rolling topography, on the number of 
rows that can be worked satisfactorily. In rough, small 
and irregular fields it is doubtful if any larger than a two- 
row unit can be operated satisfactorily. Topography is 
the limiting factor in the number of rows which can be 
worked at one time, and much of the most productive land 
in the East and South is very rolling. Terraces are anoth- 
er factor requiring consideration. 


6. Restriction in the size of some implements because 
of the load imposed upon the tractor. Under some con- 
ditions it is necessary to work a single-row implement 
with a three-row tractor, resulting in a loss of efficiency. 
In other words, the multiple “two” can be applied to row 
crop operations more easily than the multiple “three.” 

The three-row general purpose tractor possesses the 
following advantages: 


1. Simplicity and compactness of the four-wheel power 
unit. This involves many advantages for both the manu- 
facturer and the farmer. It gives easier steering and 
eliminates side draft in plowing. 

2. Better load factor under ordinary draft conditions. 
The proper loading of a tractor is very important if efii- 
cient operation is to be obtained. For this reason it is 
always desirable to keep the load factor as high as possible. 


3. Suitability to standard 40 to 48-inch rows where the 
land is approximately level. This advantage involves such 
factors as cost, construction and service. The limits of 
this advantage lie in the width of row and in the topo- 
graphy, two very important items to consider in the de- 
sign of the general-purpose tractor. 


A SOLUTION 


From the data presented, it is at once apparent that the 
general-purpose tractor design must be a compromise. Sev- 
eral commercial solutions present themselves for consider- 
ation. One method of meeting the situation is to manu- 
facture a standard power and transmission unit, and fit- 
ting that with the proper axle it can be used as a two-row 
general-purpose tractor, a three-row general-purpose trac- 
tor, or a conventional industrial and road tractor. This 
plan will furnish a tractor to meet every need; but from 
the viewpoint of sales and service one tractor, which is 
a compromise in general-purpose tractors. is better. 


The first item to determine in designing the general-pur- 
pose tractor is whether to use the two or three-row system. 
The advantages of the two types of tractors balance except 
for two points. These two points are stability and adaptation 
to various widths of rows. The two-row tractor is selected 
because it holds these advantages. If the two-row tractor 
is to be used, its size must be kept as small as possible. 
The overall height should not exceed 6 feet, and the major 
parts of the tractor, i.e., radiator, engine, fuel tank, etc., 
should be under 5 feet. The length need not exceed 10 
feet, and the width is established by the rows to be 
worked. A maximum width of 88 inches, with a tread 
variable from 64 to 80 inches, will meet the requirements 
of working in rows from 30 to 48 inches in width. The 
vertical clearance is taken as 30 inches, while the hori- 
zontal clearance will vary with the width of row. 

Fig. 11 presents a tractor meeting these requirements. 
The general specifications are: Belt horsepower, 20; draw- 
bar horsepower, 12; (A.S.A.E. standard rating); weight, 
3800 pounds; speeds, 2, 3 and 4.5 miles per hour; S.A.B. 
standard controls; belt pulley, A'SS.A.E. standard belt 
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speed; power take-off, A.S.A.E. standard, controlled by a 
separate clutch; drawbar adjustable and swinging. The 
desired 30-inch clearance is obtained by removing the draw- 
bar and pulley, while the crank latches up when not in 
use. The outstanding features of this general-purpose 
tractor are (1) the steering control, (2) comfort for the 
operator, (3) the reversible rear wheels to adapt the trac- 
tor to rows from 30 to 48 inchs wide, and (4) stability. 


The steering system has center point steering, which 
feature is secured by mounting one wheel with its center 
axis coinciding with the center line of the steering shaft. 
The steering shaft is controlled through the steering gear, 
which is of the irreversible variable ratio type. The es- 
sential parts of this gear are the master screw which con- 
trols the nut, which in turn: oscillates the variable ratio arm 
through the pin and slot linkage. As the variable ratio 
arm cannot advantageously operate through an arc greater 
than 90 degrees, an internal-gear sector is attached to the 
variable ratio arm, this internal-gear sector operating the 
pinion mounted on the steering shaft. The ratio between 
the sector and pinion is such that the front wheel can be 
moved through the desired steering arc. The steering wheel, 
as well as the other controls, are mounted for convenience 
and ease of operation about the spring-mounted and up- 
holstered seat after the standard automobile arrangement. 
The only change from standard automobile controls is the 
two steering brakes mounted for operation by the right 
foot. 

How well this tractor is adapted to various widths of 
rows is shown in Fig. 12. The narrow, 64-inch tread enables 
the tractor to work in rows ranging between 30 and 36 
inches. If necessary 28-inch rows can be worked with this 
tread. Rows from 36 to 48 inches can be satisfactorily 
worked with the wider tread of 80 inches. Almost any 
size of row outside of the 30 to 48-inch range can be work- 
ed by arranging the proper alternate spacings. 

The comparative stability of the two and three-row 
types of general-purpose tractor is well illustrated in Fig. 
13. The three-row tractor which will cultivate 30-inch rows 
is practically an impossibility, and the 36-inch, three-row 
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tractor is not much better. However, by lowering the 
clearance slightly, and by careful designing to secure the 
lowest possible center of gravity, the three-row general- 
purpose tractor can be made to work 36-inch rows under 
any practical field conditions. The two-row tractor with 
its 64-inch tread is stabie on slopes even steeper than the 
one shown. In most cases the stability of the two-row 
tractor will be greater than shown, as the wide tread or 
extension rims will be in use. Extension rims should be 
standard equipment with this type of tractor because of 
the narrow cultivating wheels used and the desirability 
of having spade lugs. The use of extension rims auto- 
matically widens the effective tread of the tractor, thus 
increasing its stability. 


The cultivator attachment for this tractor is shown in 
Fig. 14. This cultivator meets the requirements of flexibility 
firm ground for the tractor wheels, cultivation of wheel 
tracks, ease of attaching; and simplicity of lift. These 
various factors have been fully discussed, and the culti- 
vator is so simple that further explanation is unnecessary. 
The development of the planter unit for this tractor is 
simple, as it can readily be made for mounting upon the 
main draft bar of the rear cultivator gangs. The tractor 
industry should strive to give the farmer a one-man unit 
for every operation possible. Unit hitches and direct 
mounting will unquestionably be the next development in 
power farming equipment. 


Obtaining an overall view of the general-purpose tractor 
problem emphasizes its complexity. The complications can 
be reduced by one method—standardization. The American 
Society of Agricultural Engineers can be of great assistance 
in this work if it will endeavor to further correlate the 
work of experiment stations and commercial firms, and 
establish standards or recommended practices in connection 
with the designs and operations of tractors. A general- 
purpose tractor cannot be built to meet all standards but 
certainly the development of this type of tractor will be 
aided by establishing standard row widths for various 
implements. Fixed widths would mean that standard trac- 
tor treads could be recommended. Standardization of 
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Fig. 14. Design of the cultivating equipment for use with the tractor shown in Fig. 11 
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(Left) This general-purpose tractor is equipped for cultivating three rows of corn at a time. The particular advantage of tractor 


cultivation is that it greatly speeds up this operation, thus permitting more thorough cultivation of the crop. 


(Right) The same 


tractor, as the one shown at the left, equipped with mowing attachment 


controls, hitches for attachments, etc., should be effected; 
and as the development of this tractor continues, other 
phases of its design and construction should be standard- 
ized as rapidly as possible. 

If every one of the organizations interested in this work 
will cooperate to their fullest extent, American farmers 
will have a successful general-purpose tractor within a 
very short period of time. Without cooperation the trac- 
tor industry can not give the farmer what the industry 
should give him, nor what it is capable of giving him. 


Discussion 


H. B. JOSEPHSON!: The question of row widths is un- 
doubtedly one of the most troublesome problems for the 
general-purpose tractor designer. I might cite the con- 
ditions in Pennsylvania as regards row widths. 


We have two major crops that require cultivation, corn 
and potatoes. (The relative importance of these crops from 
the standpoint of the general-purpose tractor we will dis- 
cuss later.) The corn crop is uniformly planted in 42- 
inch rows. Not so with potatoes where a row spacing of 
30 inches is most common. The farmers in Pennsylvania 
take great pride in high yields per acre and this is par- 
ticulanly true in case of potatoes. Most good growers 
aspire to membership in the “Four-hundred Bushel Club,” 
an entrance qualification of which is to have produced 
400 bushels of potatoes on one acre. This premium 
placed on high yields per acre has induced many growers 
to plant in rows 28 inches apart. Herein arises a conflict 
between high yields on the one hand and economical 
production on the other. Every machine operation after 
the crop is out of the ground is made extremely difficult 
on such a narrow row spacing. Not many general- purpose 
tractors have been used for cultivating potatoes in this 
state, but those that have are generally used on a $4- 
inch spacing. We have not recommended a narrower 
spacing for a tractor. 


I believe that the potato crop of Pennsylvania must be 
included in considering the uses of the general-purpose 
tractor of 10-20 hp. or thereabouts. It is true that the 
corn acreage exceeds the potato acreage by about six to 
one. If, however, the tractor is used for weeding, cultivat- 
ing and spraying, there will be at least three times as 
Many operations throughout the growing season on a 
potato field as on a corn field. The better growers spray 
as often as ten or twelve times during the season. The 
power take-off makes the tractor well suited to the 
operation of a spray machine. 


The narrow row spacing demanded by the potato 
growers of Pennsylvania excludes the general-purpose 
tractor as we have it today. Some compromise will have 
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Pennsylvania State College. 


Mem. A.S.A.E. 


to be effected before the potato crop is successfully motor- 
ized. 

Hillside work offers considerable difficulty to the use 
of the cultivating tractor in Pennsylvania and I think in 
general throughout the East. The rows are generally 
placed more or less along contour lines rather than up 
and down hill in order to check erosion. Even on moder- 
ate side slopes there is a marked tendency for the rear 
end of the tractor to creep down hill. This is particularly 
troublesome in cultivating when some of the shovels are 
placed in front and others in the rear, and when a ma- 
chine is drawn behind the tractor, as, for example, a 
spraying machine. It seems that about the only way to 
keep the tractor parallel with the direction of travel would 
be to have the rear wheels on a slight pivot with respect 
to the tractor. The amount of turning necessary on these 
pivots would be very slight, and it might be made auto- 
matic in such a way that, when on the level, the wheels 
would be perfectly parallel with the tractor, while on a 
side slope the wheels would lead up grade in proportion 
to the steepness of the slope. The shifting might be 
accomplished automatically by a pendulum. 


Mr. Heitshu has suggested foot pedals for the operation 
of the differential brakes as a substitute for automatic 
operation. I believe that differential brakes should be 
operated automatically on a tractor of short-turning radius. 
Such a machine if turned short without the use of the 
brakes is subjected to enormous strains. The non-auto- 
matic feature would lend itself to much abuse in the 
hands of a careless operator. Failure to apply the brakes 
upon turning as well as severe application of the brake 
when not turning would be exceedingly hard on the ma- 
chine. Automatic brake operation tends toward foolproof- 
ness. 

All steering and guiding, in my opinion, should be done 
through the steering wheel. Any type of dual control, as 
foot pedals to operate differential brakes or for shifting 
cultivator gangs, introduces unnecessary complications for 
the operator. 

I endorse Mr. Heitshu’s suggestion of operating the 
power take-off through a separate clutch. This would be 
a decided advantage especially for orchard spraying, and 
in all operations would be preferable to the present system. 

In two farm operations in Pennsylvania there seems to 
be a need for a slower forward speed than is usually 
available on a tractor. .I refer especially to harvesting 
potatoes by means of a potato picker. In heavy yields it 
is impossible for four men to gather the potatoes or pick 
out vines, clods and stones fast enough when operating the 
picker at the lowest speeds attainable with the present 
day tractor, or about 1% miles per hour. The successful 
operation of a transplanter depends upon a very slow speed. 
I do not know how low this speed should be, but I think 
a speed as low as % mile per hour or even less would 
be about right for these two jobs. Perhaps the tractor 


ces 1a SE SS SS ie ee Pb ie 
date ee ae ee oat. cae Sis! | 7 le Rr ie (Marv yt) Seieetom mL eo Uno) 8 RE ae ae ae 
Peaa te ee ee 48 Tee ERS ae a a at eR ah a ions : ; 
“ai ie 3 Wiggs ty EE i te Ree tks eee pte se aad ey ¢ bs Rot ; ; - 
a ee eo ee fe Pe MMR ee RS tees yoy pea alt os 
Fey ge Re iy ae : Be at Oee ak a, ORES Premarin” Nee : Pe BT ass ae la : mee 
é : j 
: a 
. 
| : . F 
: ‘ a i. é % a a. 
3 : eating iy 4 iT 
. Pata ee ae ee ee ee ect ee RG i OE eS ae > ; é * 
: bi . Br wae as Sues eee re oS ee ne A ae ae om 
7 ae oe aie p> se Re Bis mente os ey 8 gage ae J 2 4 i be Ce el “Gira oe centre OE RRS EL 
: eae ci if ae g a ns ae +g ane. pe ae oe ay ee ae a r aa : ele Moe ae ae a go a $.Beierk PE eg aha ee yeah eta 
: ee x: ptt a ain a Ce a ee — (aa. oo Bis as 
: 5 z i. a es Wy Ke a ikea coal ee bl oa E : ‘ x é . ee at ; 
4 ‘ ARS. 1 a Sapa agg ae : ion Pa eae, * I ie Ss ace a ee Te. ge , Bee : Diy Maal oe 
| =o ae oe ae oo oe en < CSA Ree ene | BMP gig” P| MMMM | EE Pe we te 
Co, ae Se ere meeaay « Ce Be ete BE BD da Ss aN agai SOs te ie a ee gins Bye ON 3 
| LS ee 3; (gate ace peed rn eee onc ss aed bitigas eee cs ONY Mee ear eg i ; 
. ek Se Re ee chs ae! eo ane 
: a mes FN eel Ete a ae ee ‘ 
. 3. nib aig Seo eee a Ce el 
: i . bat Re ark ie TR Bias. ce, geile: ite (|, 
: ee eee Ts tt 4. wt &e 3 SNE SAS? BOR eee Beret PR eee I eg 4 ? ts ret: ue : : 
Bess. tee ARE R ie ~ Su wk: Wea i a a Bo Say Fg a, ag in A Lapa ans | RE ae oe 
eee gy Oy BY ES AALS oe EA. |. eee ee the». LAPEER fC LONE ae 4. 
: poe Naa co ODE aa ge ; Ee BAG COR gs oS a allate Terra, CRS ie rameters + = 
Brag SEN oe eS A ie a ee ee ee eng en ag oS BA fing 7 Sigh ct rent age ER has. that EO - bE: Slt Og 5 = 8 Bo 
eS 8s, Rn, <r ah Sey - aguein onc pei e Mae et Sa lake,” 5, aman ier Le one e ray 602 CaS age a he OR Passel” naa ge . pagans. 
eet eon LSS pepe sl White SSS peancapreae (Se oe. ea ae ee eee te, ee Sel ae Rae megs 
mick. RRR tet aimee» aE LAO pi Beet Oe ed > OE Chg ai 8 ge he S haat Jt Se ek ON? OSS a a gL ee a ma 
ph! ne ene eS Last aes BAERES Oo Vics eee 5 ees eee SOE Sos ee es Gg! 2 Seana Die 
SUS OV a gee sae ee DCE NR en oath) SS eM eee 2 et oP AR oa ee bah PRB: FOMe AO ir aa we go SO, RAL ari 
ina? et a OO ee Ne Os ee ° See Py Saekegig od ty het Cotes PS ewe rs 
: k ', 
q 
7 
7 
| 
1 ; 
7 
q : 
7 
| a 
| PC 
q 
: ee 
- 
4 
: 
— 
- ss 
| ee 
: 
: ‘ 
| Po | : 
5 : 
———s 
i 
‘; 
4 
: 
. 
i 
. ‘ 
* Bs bokl Richa antag are ate Bien. Y oe ae i: ee NESS Oa A ik Seip: 
= EMR RA eso cp ist? a oe en sot ah os Pee cee ae Bet eee ee gal . : 
A hog earn ane aa rae cies ‘ Geer ee Spee SMa cee mer lal a, Saeeta he 
; Beet ana: cs ae oo a a ag its Cog noe SRPg PSS | ok Ne Sit: <M gy gaan Sh =e es : fs zee 
Bi seo ae oS ee eS Mone Meee hl Me Maga Oe 
5 MAES cle, eee ae . 2 pels SI Se Si aia Ue 2 a ee tea ee ; er is 
ies js. ~ ieee oa ae re Se Pn IT ge Spice 8S: a er aa x = Lie : i : 
ey! ey. oe OR NIRS Sete h es, | Sr ee ea areo ee ‘ 4 7 


154 AGRICULTURAL 


could be designed so that this extra low speed might be 
secured by securing some extra parts, possibly an extra 
pair of gears, on request. 

On the subject of wheel equipment I am only going 
to say that we have found in our work with a general- 
purpose tractor at the Pennsylvania State College that 
the open wheel with the overrim equipped with spade lugs 
has given best satisfaction under all conditions. The over- 
rim is in two parts and is fastened on the open wheel 
with only eight bolts. 

For all heavy work the spade lug which was on an 
11-inch rim far excelled all other equipment that we used 
on this tractor as shown by actual traction tests. The 
overrims are easily and quickly removed leaving the 
smooth open wheel for light hauling or traveling on the 
road. For potato work a special wheel was necessary 
giving the tractor a narrow tread to fit 34-inch rows. This 
wheel which has only a 6-inch rim and is equipped with 
cone lugs has been found most satisfactory for potato 
work where clearance between rows is limited. 


R. I. SHAWL’: The general-purpose tractor with its 
ability to increase the amount of work done per man, 
especially in cultivating row crops, is causing considerable 
adjustment in land, labor, and machinery in sections where 
row crops are grown. I wish to present at this point one 
case which shows some interesting comparisons. 

The department of farm mechanics at the University 
of Illinois has been making a study of the use of mechan- 
ical equipment in the production of corn. For this study 
a general-purpose, two-plow tractor is being used as the 
source of power. Both two-row and four-row planting and 
cultivating equipment has been used in this study. The 
tractor-machinery figures with the exception of planting, 
are based on an 80-acre field. The horse-operated machin- 


ery figures are taken from a standard for farm operations — 


in Central Illinois compiled by the department of farm 
organization and management of the University. (See 
accompanying table.) 


The totals in the table indicate. that there is a con- 
siderable saving in man-hours by the use of the general- 
purpose tractor with two and four-row equipment. With 
costs figured as horse-man-hours, 25 cents; horse-hours, 
12 cents; tractor-man-hours, 50 cents; and tractor-hours, 
82 cents, there was a saving in cost of $1.31 per acre when 
four-row equipment is used in the place of the two-row 
planter and the one-row cultivator. However, with the 
two-row tractor cultivator, and the one-row horse culti- 
vator, the cost was $5.76 and $5.84, respectively, indicating 
that the cost of the two methods was approximately the 
same. 


These figures serve to indicate that if the general- 
purpose tractor is to compete with the horse in cost of 
production, it must have large capacity which makes it 
a saver of man labor. 


Last spring one man, using the four-row planter and 
cultivator, planted and cultivated a 250-acre field of corn. 
The cultivation consisted of two times over, pulling two 
eleven-foot rotary hoes, and three times over with the four- 
row cultivator. The rainfall in May was 2.48 inches; in 
June, 4.65 inches; and in July, 3.69 inches. These figures 
indicate about an average amount of rainfall. We believe 
it is practical for one man to plan to take care of 250 
acres of corn on well-drained land under the conditions 
stated above. The large field with rows one mile long 
naturally resulted in the saving of man and tractor hours. 
For instance, the rate of cultivation on this field was nearly 
one acre more per hour, for the first cultivation, than the 
first cultivation on the 80-acre field. This does not mean, 
however, that the 80-acre field is not an economical size 
field for this size equipment. It is doubtful if one two- 
bottom tractor could plow and prepare 250 acres of ground 
in the spring in time for planting, because the amount 
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Man, Horse, and Tractor Hours Per Acre of Corn Up to Time 
of Harvesting 


Machinery* Machinery** 
Horse- Tractor- 
operated operated 
Man Horse Man Tractor 
Operation Hr. Hr. Hr. Hr. 
Double disking stalks 
1.00 acre per hr. (horse) 1.00 5.00 0.36 0.35 


2.86 acres per hr. (tractor) 


Plowing, 28-inch gang 
0.50 acres per hr. (horses) 
0.75 acres per hr. (tractor) 


3 


10.00 1.49 1.32 


Double disking plowed ground 
1.00 acre per hr. (horses) 1.00 5.00 0.39 0.39 
2.66 acre per hr. (tractor) 


Harrowing 
4.0 acres per hr. (horses, 
four-section harrow) 
3.9 acres per hr. (tractor, 0.25 1.00 0.27 0.25 
two 7-foot soil packers, and 
three-section harrow) 


Planting corn 


1.60 acres per hr. (horses) 0.63 1.25 0.24 0.21 
4.66 acres per hr. (tractor) 
Subtotal 4.88 22.25 2.75 2.52 
Cultivating (three times) 
1-row (horse) 75 acres per hr. 299 7.98 0.94 0.78 
4-row (tractor) 3.88 acres per hr. 
Total 8.87 30.23 3.69 3.30 
Cultivatng (three times) 
1-row (horse) 0.75 acres per hr. 1.78 1.76 
2-row (tractor), 1.8 acres per hr. 
Subtotal 2.75 2.52 
Total 4.53 4.28 
Cultivating (two tmes) 0.25 0.22 
Rotary hoe twice over, 0,112 hr. per acre 0.62 0.52 
4-row cultivator twice over 
Rotary hoe twice over, 0.112 hr. per acre 0.62 0.52 
Subtotal 2.75 2.52 
Total 3.62 3.26 


All the above figures represent the actual tme in operation 
in the field. 

*These figures are taken from standards for farm operations 
in Central Illinois by the Department of Farm Organization and 
Management, University of Illinois. 

**Figures taken from work done by a ‘‘Farmall’”’ tractor un- 
der the —— of the Farm Mechanics Department, University 
of Illinois. 


of rainfall, the temperature, and the wind velocity are 
too variable at that time of the year. 

Illinois produces an average of approximately $329,000,000 
bushels of corn annuajly. The growing of corn requires 
that more labor and power be available for growing and 
harvesting this crop than is necessary for the other work 
on the farm. The handling of the corn crop up to the time 
of harvesting is being quite well taken care of with the 
new developments that have taken place, but the harvesting 
of the corn by mechanical means is still a big problem. 
The present season has been an excellent one for the 
use of mechanical huskers, and many machines have 
been sold, including numbers of the two-row type. 

Unfortunately weather and crop conditions must be 
favorable for the most successful use of the mechanical 
corn picker. It is therefore dangerous for the farmer 
growing a large acreage of corn to depend entirely upon 
the present machines to harvest his crop. The general- 
purpose tractor on corn belt farms will not fill the place it 
should until a thorough study is made of the adaptability 
of the corn and the picker to each other and a combination 
developed that can be successfully used. 


J. BROWNLEE DAVIDSON: It was suggested that my 
contribution should be a syllabus or outline on the general- 
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(Left) A general-purpose tractor with corn planting attachment, planting three rows at each trip across the field. (Right) The 
same tractor equipped with cultivating attachments and in use for the first cultivation of the corn crop 


purpose tractor, which was presented a year ago before 
the tractor and thresher division of the National Associa- 
tion of Farm Equipment Manufacturers. 


In this outline I have laid down the proposition that 
the general-purpose tractor would be a success if it could 
show an economic advantage and if it was proven to be 
practical. Referring to the matter of tractor economics 
in the regions growing row crops, it is easy to point out 
that at the present time about half the cost of tractor 
operation is due to interest and depreciation charges. That 
means a very heavy overhead, and if the overhead could 
be distributed over a larger range of use it would be quite 
an advantage. 


I also pointed out the competition between mechanical 
and animal power. Whether you want to think of it that 
way or not, if use of mechanical power is to be extended 
it must displace the animal. So you must think of a 
machine that will displace the work the animal is now 
doing. Any system which calls for a duplicate power 
plant is evidently not economically sound. 


Then I have undertaken to point out some of the 
essentials of the general-purpose tractor which will make 
it practical. Mr. Heitshu has already discussed these. 


It is absolutely necessary to have better control of the 
machine. 


We have worked with various general-purpose tractors 
a good many years, and the manufacturers have sent us 
experimental machines. We operated a farm at Iowa State 
College for the purpose of trying out these machines, and 


I will make a few observations on the use of tractors on 
this farm. 


In the first place, I would say the specially built plant- 
er for the tractor is a decided advance in the art of plant- 
er design. I do not think there has been much criticism 
of the corn planter during the past ten years in regard 
to accuracy of drop, if the machine was properly adjusted. 


I believe the design of a new tractor for cultivating 
two rows is well advanced. We have not tried out two- 
row machines. Our work has been with the three-row 
and four-row machines. But so far as we can see, both 
machines are practical on such land as we cultivated. We 
do not have hills or very rolling land, and so we have not 
had side hill problems. It is easy to manage the machine 


satisfactorily, and the load is well within the capacity of 
the tractor. 


I would like to mention one thing brought up by Mr. 
Shawl in connection with harvesting. We have a machine, 
a two-row snapper, and we are quite enthusiastic about it.. 
It is carried on a tractor. We have worked it in mud where 
it would be impracticable to operate a pulled machine. If 
the farmer will accept a few more husks on the corn than 


he is used to, we think a real advance will have been made 
toward solving the corn husking problem. 


Syllabus 


The Future of the General Purpose Tractor 
By J. Brownlee Davidson 


The term “general-purpose tractor’’ is taken to mean a 
tractor adapted to the cultivation of intertilled crops and at 
the same time satisfactory for the usual tractor work of plow- 
ing and driving belted machinery. It is obvious that the pre 
sent and future of a cultivating type of tractor will depend upon 
(1) economic advantage and (2) practicability. The following 
data and comments are intended to have a bearing upon these 
two questions: 


1. A study of the source of the power used in agriculture 
reveals that competition for mechanical power for the 
farm is furnished by animals. (See U. S. D. A. Bull. 
1348). Animals furnished 61.4 per cent of the 15,788,000 
horsepower-hours used annually; gas tractors, 9.7 per cent, 
and all other motors, 28.9 per cent 


to 


. A comparison of animal and mechanical power 
(a) Horse power 
(1) Large overload capacity (1000 per cent for short 
periods 
(2) Flexibility of size of units 2, 4,6 horse teams 
(3) Versatility, adapted to varying conditions 
(4) Less skilled labor required 
(5) Horse sense, self-guiding 
(6) Long life 
(7) Self-repairing and self-reproducing. 
(b) Mechanical power 
(1) Cheaper power 
(2) No rest period required 
(3) No fuei consumption while idle 
(4) Immune to hot weather and insects 
(5) Less weight per horsepower 
(6) More applicable to belt work 
(7) Large units easily controlled 
(8) Direct drive to machines using rotary motion, by 
power take-off. 


A careful balancing of advantages would seem to indicate 
that excepting certain special situations or conditions the 
competition between animal and mechanical power resolves it- 
self into a matter of cost and adaptability. 


3. The cost of power is a large item, amounting to 15 to 30 
per cent in the cost of producing crops 


4. Principal items in the cost of power. (U.S.D.A. Bull. 1298) 
(a) Horse (600 hours annual service 16.5 cents per hour) 


Feed and bedding 60.2 per cent 


Care 11.2 per cent 
Depreciation 6.3 per cent 
Interest 6.9 per cent 
Stabling 6.9 per cent 


Other costs 8.5 per cent 


(The important items of expense are feed and care, which 
continue while idle.) 
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(b) Tractor (3-plow, U.S.D.A. Bull. 1.297). 


Fuel and oil 34.0 per cent 
Depreciation 41.0 per cent 
Interest 9.5 per cent 
Repairs and care 10.5 per cent 
Other costs 5.0 per cent 


(The important items of expense are depreciation and 
interest.) : 


(c) Duplicate power plants for the farm do not reduce the 
the largest items of expense, feed and depreciation. 


The cost of energy in the form of fuel and feed 


One cent will purchase 10,500 B.t.u. in the form of 
kerosene at 12 cents per gallon. : 

One cent will purchase 5,250 B.t.u. in horse feed at 
1% cents per pound. 

The thermal efficiency of an internal-combustion motor 
and an animal at work are about equal, i.e., 20 
per cent. 


. The power in agriculture is used for the following pur- 


poses. (U. S. D. A. Bull. 1348) 


Hp.-hr. annually Per Per 

(a) Field Work in millions cent cent 
Plowing 2500 32.9 
Tilling ground 1000 13.2 
Planting and seeding 400 / 5.3 
Cultivation 1000 13.2 
Harvesting 800 10.2 
Haying 900 11.9 
Miscellaneous 1010 13.3 

Total 7610 100.0 48 

(b) Belt Work 4228 29 

(c) Hauling 3550 23 

Total hp.-hr. for all 
operations 15788 190 


. Area of the more important cultivated and non-culti- 


vated crops. (U. S. D. A. Yearbook 1923) 


Cultivated Acres 
Corn 104,158,000 
Cotton 37,348,000 
Potatoes 3,816,000 
Grain sorghum 5,776,000 
Tobacco 1,820,000 

Total 153,918,000 

Non-cultivated (not in- 

cluding hay) Acres 
Wheat 58,308,000 
Oats 40,883,000 
Barley 7,905,000 
Rye 5,157,000 
Total 112,203,000 
Hay 176,055,000 


. The principal operations carried out with animal power 


The following operations are cited in an Illinois Ex- 
periment Station Bulletin (No. 231) as non-tractor op- 
erations. It is recognized that some of these operations 
are carried out to a certain extent with tractors: 

(a) Cultivating row crops 

(b) Planting corn 

(c) Husking corn 

(d) Mowing, raking and loading hay 

(e) Hauling bundles to thresher and ensilage cutter. 


The tractor has had a decided influence upon the number 
of horses kept on farms. In Iowa a survey in 1926 re- 
ported 16 acres of crop to one horse on farms where 
tractors were not used and 22 acres of crop per horse 
on farms where tractors were used. 


The number of tractors needed if row crops could be 
handled with tractors 


Number of farms in U. S. 
Improved land in all farms 
Number of tractors 


6,371,617 (1925 Census) 
503,073,000 acres 
506,745 (1925) 


Acres per tractor 1,000 


One tractor to each 125 acres of improved land would 
require an increase of 800 per cent in the number of 
tractors 
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10. Types of farm power plants 
(a) All horses 
(b) Tractor and horses 
(c) Tractor and motor cultivator 
(d) General-purpose tractor. 


11. Some requirements of a cultivating tractor 

(a) Cultivating equipment 

(b) Width of track to fit rows 

(c) Clearance to straddle row crops (24 inches minimum) 

(d) Capacity, large enough for heavy tillage, light 
enough for cultivation. Must have power for two 
14-inch or two 16-inch plow bottoms 

(e) Ease and precision in control 


These requirements are in addition to those of any 
good tractor. 


12. Drawbar pull required (estimates) 


Pounds 
(a) Two-bottom plow 1500 
(b) Two-row planter 450 
(c) Two-row cultivator 600 
(d) Three-row planter 675 
(e) Three-row cultivator 900 
(f) Eight-foot double disk 1200 
(g) Eleven-foot grain drill 1000 
(h) Ten-foot grain binder 820 
(i) Corn picker 1400 


13. Some shortcomings of some cultivating tractors that have 
been designed 


(a) Not easy to control 
(b) Inconvenient to attach equipment 
(c) Require skilled operators. 


14. Possibility of changing cropping system 


(a) Changing width of rows to permit standard tractor 
to travel between rows. 

(b) Use of tillage implements such as the rotary hoe 
and weeder to replace cultivator for at least a part 
of the cultivation. 

(c) Growing substitute crops. 


15. Experience with a general-purpose tractor. 


Man and tractor hours, 1927—104 acres 


Total Man-hours Tractor Fuel per 
Operation hours peracre hours acre, gal. 
Double disking 26.80 0.26 26.80 
Plowing 123.90 1.17 113.50 
Double disking and 
harrowing, 10 ft. 25.10 0.24 25.10 0.623 
Planting, three rows 45.58 0.44 43.25 0.720 
Harrowing, 38 feet 8.00 0.08 8.00 
Four cultivations 169.58 1.64 — 155.58 2.920 
398.86 3.83 372.23 


Four cultivations on 104.08-acre field, 1927. Three- 
row tractor cultivator 


Cultivation 1st 2nd 3rd 4th 
Fuel, gallons 80.00 85.00 73.00 63.00 
Total time, hours 51.75 45.42 43.92 28.30 
Tractor hours 47.00 41.75 41.17 25.66 
Acres per hour 2.01 2.29 2.37 3.69 
Acres per tractor hour 2.22 2.50 2.53 4.05 
Fuel per acre, gal. 0.769 0.813 0.69 0.63 


H. E. McCRAY': The fundamental requirements of a 
general-purpose tractor, bearing in mind that these must 
be from the designer’s standpoint, are a simple, compact, 
light-weight machine that will do the greatest possible 
number of farm operations on major crops, with a quality 
of work above that for existing horse-drawn standards, 
covering the greatest possible number of acres per hour, 
with the least possible manual labor and physical discom- 
fcvt to the operator, at the lowest possible or practical 
cost per hour (considering the initial cost, the operating 
cost and the cost to maintain), with a manufacturing cost 
that will pay a reasonable profit on the large investment 
necessary to produce this sort of machine economically 
with modern mass production methods. 


Those are what we believe to be the fundamental re- 
quirements of a general-purpose tractor from the manu- 


tChief engineer, John Deere Tractor Co. Mem. A.8.A.E. 


oe rae 


PN eR TE PE OREN LIAS LLG LOLA IO LP REEL OL LL OTA SEL LLIN 


carey 


= 


Ee ea eae 2 c 
< iv i o (55. Ler ee: 
1 ay HE oy 
i aay Ai 
a Fay GaSe bt ae . ae ee 
ae PN —" : j fh, “fe 5 er eee 
_ nena Se oi oe hea 
co a, aoe @ eee Se te ne : . in 
Rp eS ee arf, ne Se, ga ag a i a ae 
ey, ee : ; Mi y a : . x ee | os. x ' fF 
BPG sea | a Me on ee Re | gee ee ae, cage Oe a eeeae | | 
iS 2c A eae se Pee f oa Sieege: eae Wee nek ae tel ame Be eee ce 
Patt | os ea “2 earl 5 gill eee tit Tet S| Ses ee ls oes es 
Erk User 2 aa ss Sele a er an lan 
See Sere =a i 
Be cc is 
Re ae | 
jue | 
A oan | 
parse a 
aie : 
es ta : 
eH, : 
a} = a | 
fufcae F 
ee eg 
ein : 
Pea eked : 
New aae a: : 
Mie Sri 
ida Po | 
~ "9 ee 
i 
7 e 
a eee : 
Pe 2 i l, : 
ee ele 
i lass” 
See : 
tla : 
ae 
i ee 
Ls ne | 
toe | 
ie 6 
Re se 
ee Pe : 
ne 
* eee | 
Rie | 
ae 2s | 
: 
eee fe | 
a Be 
ee 
nell Po | 
ae : 
oF | 
a 
edn hg 
Mipppret te 
Tiree | 
eerie of | 
bar 
4 , 
ie em | 
See hs | 
Snes 
Beers 5s | 
oe 7 | 
Bee's 
nee aaa a | 
ue. | 
ee | 
fer, a a ee | 
Nee” Sama : | 
aire n | 
ae | 
igi 
gar. Se | 
a Oe 
Port | 
Le oie | 
ieee: | 
ge | 
i | 
ers | 
<a | 
ERY. - | 
besa ba | 
Ree 
So on 
‘sg eee | 
ee | 
Maes es | 
\ shag“ S 
Bede Wroa | 
ae 3 
i ae 
ai ae 9 
etwas 
eae,” 
Waa 
bar iA? 
eae 
ihe 
ters 5 tes + 
Ne a 
grec a 
oc ie 
= ; 
eg 
il a hy 
ee tee ? 
ee 
rie: - 
ia 
% ae 
bees 
ym Sie ea | 
ae 
ee 
ai 
C aaa 
eS 
See 
Sue 3 
eee re 
Re) ay 
eee 
ene 
oo 
oe ae —! 
, a 
oe eC | 
aft 
a) aire 
hy Oe 
Reib at 3 | 
fe st | | 
a 5 
Wes on F | 
a tag ee i bas 
| | > ee ve se 
‘ | . ee: a ema aK 
/ Ss ce 0a ee ie gt as ote cay ih ila ca. at By 
Pa eine, - a ESE es ee ee oe es Eos : 
oie ae ateey rr 08 yi Mes aah Sm 50 ae “ed ba iy 2 
ins oak ee eae neat ne een ee Je aaa oe Be - 
Sorc te is Ro i RO ee ese eg oh rears ae: a. 2 a 7 4 | 4 
SE ie am a Gas ae Se Ne Sg a kaa Bek iii San tear arate : “yt Sige 7 af Pind ee 
Pe eee | it etal ES aS Ne a im ,) ean a ee ee fe ¥. 2 
} EAN oie aaa reps eatt vibe a> e's. te ee 4 ai ee ee seal ages ee 
ORI ae 0) eee See en wer ee ies ae Se iy a ies otes ae ee, 
Meg eo Ree. le ese eae ge OS 4 aerae et a Da Repti pa ore ee 
= * SS rie aie fe 4 ae Sager ee oe ull ee Eee 7 Je To st 
ese hee ig Ane eee i Fy. ee Pit or ene topes 
eae alee eee rf Etie f. oy a ye ey Pi at SS | _ “ Be ages 
2 a eee pps eae rs: 
Be eee, 5 eee Ton 


IES FFM 


ates. 20 eRe eR Laiere tes an 
LIE ORI EE RN PLES AEN 


Kaye 


May, 1929 


ses te ee eC RS AO ee 
Peart r 


AGRICULTURAL ENGINEERING 157 


CEES 


(Left) Glenn Hunt, a Nebraska farmer, produced 120 acres of seed potatoes in 1927 entirely without horses. With the general- 

purpose tractor and two-row potato planter shown in this picture he was able to plant potatoes at the rate of 18 to 20 acres in a 

ten-hour day. (Right) This picture shows Mr. Hunt cultivating his potatoes at the rate of 15 to 25 acres a day, replacing two to 
three men and four to six horses 


facturer’s standpoint. The tractor design is completely 
settled by the work it has to do. The tractor alone is of 
no value whatever until you hitch an implement on it 
and start to work. The implements will fix the size and 
general type of the tractor. 

As to the power requirement, Mr. Heitshu is in Vir- 
ginia and we were in Iowa and we never got together 
on it, but I don’t think we could have checked any closer 
on it if we had. We obtained our information through 
engineering and sales channels rather than the agricul- 


tural colleges and it checks very closely with his, as it 
should, of course. 


The following are some of the things we have learned 
in three years of experimental work: 

1. An absolutely flexible unit or set of units must be 
used for multiple-row cultivation. The larger the equip- 


_ment, the more flexible is must be. With a completely 


flexible piece of equipment you will find it possible to 
handle almost any sort of rolling ground. 


2. You must have the proper location of hitch and 
gage points on the tractor, whether you attach the im- 
plements either ahead, under or behind. 

3. Where accuracy of control is necessary, it is very 
desirable to have the implement integral with the tractor. 
Where you do not have any necessity for accurate con- 
trol that is not the case. (Mr. Heitshu spoke of automobile 
steering as being a criterion. The requirements on a 
general-purpose tractor are much more strict than on auto- 
mobiles, because when cultivating down a row the first time 
you have a limit of plus or minus one inch in half a mile. 
I would like to see anybody steer an automobile in those 
limits.) 

4. Complete comfort and convenience of the operator. 
That includes a comfortable seat, fenders, shields, a plat- 
form where he can change his position, and vision suffi- 
ciently good so he doesn’t have to crane his neck but can 
sit in a normal position and have easy steering. Incidental- 
ly, design of steering ratio is not affected by the degree of 
reversibility or irreversibility. It is fixed to a 180 or 210- 
degree rotation of the steering wheel by the fact that only 


a little over a half turn is possible without letting go of 
the wheel. 


The elimination of the use of tractor drivewheels as 
gage wheels is desirable. If you don’t believe it, try to 
get your tractor fished out of some soft ground after it 
has been “lost” with an integral lister attached. 

Power requirements are not two-thirds of of a three- 
plow machine, but about three fourths, on account of the 
small difference in weight of the combined unit of tractor 
and tool in two-plow and three-plow machines. 


GEO. W. IVERSON?®: About six years ago I made a 
study of the possibilities of the general-purpose tractor, 
which was published in the 1922 Transactions of the 
Society. 


First of all, I assumed that the general-purpose tractor 
was first correctly designed to do general-purpose work. 
Then I compared the amount of work that could be done 
by a standard four-wheel two-plow tractor and this general- 
purpose tractor on a 200-crop-acre farms, this farm con- 
sisting of 80 acres of corn, 40 acres of oats, 40 acres of 
winter wheat, 20 acres of clover hay, and 20 acres of 
pasture. The four-wheel standard tractor could do 2230 
hours of work, leaving 3130 hours that must be done by 
horses, or approximately half the work had to be done 
by horses. I also determined from that study that with 
the standard four-wheel tractor you could not eliminate 
many horses, because the peak load for horses came during 
the cultivating season. 


With a general-purpose tractor, capable of doing row- 
crop cultivation, the 3130 hours by horses was cut down 
to 1390 hours, with the tractor 4870 hours of labor. 
Since that time there have been developments in certain 
machines, particularly corn husking machinery and hay- 
ing machinery, which permit a still further reduction of 
horse labor. 


I believe I am safe in saying that, at the present 
time, the average corn belt farm can be operated with- 
out any horses and do the work entirely with mechanical 
labor. From the standpoint of economics, as Mr. David- 
son pointed out, the all-purpose tractor will do a cheaper 
job for horses. It is a well known fact that you can 
produce a horsepower with a gasoline engine cheaper 
than you can with horses using hay and oats as fuel. 
Just how much difference there would be would depend, 
of course, entirely on local costs, but I know from my 
own studies that it is a fact and that it can be done. 


With the present design of all-purpose tractors, there 
are two general types that Mr. Heitshu has mentioned. 
He has not, however, mentioned one design which in- 
corporates the two general types. He mentioned the 
four-wheel type and the three-wheel type. There is a 
type which incorporates the two types, so that either 
one or the other can be used, depending upon the kind 
of work that is required. 


I want to point out the fact that at the present time 
an all-purpose tractor can and will be successful, and 
you can produce an all-mechanical farm in the corn belt 


or in practically any farming operations we have in the 
United States. 


SDivisional sales manager, Advance-Rumely Thresher Co. 
Mem. A.S.A.E. 
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R. H. DRIFTMIER?: The field of usefulness of the 
general-purpose tractor in Kansas seems to be in that 
portion of the state where general or diversified farm- 
ing prevails. This area includes both the corn belt and 
the general farming areas of eastern Kansas. About 
55 per cent of the corn, 50 per cent of the alfalfa, 75 
per cent of the potatoes, and 54 per cent of the oats 
grown in the state are produced by the thirty-five counties 
which comprise these two areas. The average size farm 
per county in the corn belt varies from 55 acres for 
Wyandotte County to 232 acres for Pottawatomie County, 
with a general average for the eighteen counties of 171 
acres. The farms in the general farming area vary from 
122 acres for Johnson County to 214 acres for Woodson 
County, with an average of 159 acres for the seventeen 
counties. About 77% per cent of all the farm land in 
the two areas is improved. 

A good crop rotation for northeastern Kansas and 
the better farm lands of southeastern Kansas, which does 
not include the white ashy lands, carries a four to six- 
year rotation of corn, oats and sweet clover, or corn, 
oats and alfalfa. All of these crops can be wholly or 
partially cared for by the general-purpose tractor. In 
the Kaw Valley the general-purpose tractor should find 
a place in economical potato production. In corn pro- 
duction, 45 per cent of the cost of producing an acre of 
corn in Kansas is chargeable to power and labor, where 
horses furnish the motive power. These power and labor 
costs can be greatly reduced by the utilization of power 
machinery and cultivating tools which will cover greater 
acreages per day with the same efficiency in moisture con- 
servation and weed control. 


In the production of hay, investigations at the Kansas 
State Agricultural College indicate that with a general-pur- 
pose tractor hay can be mowed and raked in one operation 
at a cost of 0.486 tractor-hours per acre, and then bucked 
to the baler with 0.491 tractor-hours per acre, the man- 
hours equalling the tractor-hours in each case. 

The contribution that the general-purpose tractor and 
its operating equipment may offer to efficient and profit- 
able crop production in Kansas resolves into a study 
of farm conditions and agricultural production for each 
section, locality and farm. 


D. B. LUCAS”: There are over five hundred million 
acres of improved land in the United States. Approxi- 
mately one-half this area is plowed annually at a cost 
variously estimated at around half a billion dollars. Be- 
cause of this enormous investment, plowing and the other 


*Associate professor of agricultural engineering, Kansas State 
Agricultural College. Mem. A.S.A.E. 


Associate professor of agricultural engineering, Rutgers Uni- 
versity. Assoc. Mem. A.S.A.E. 
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processes in seedbed preparation r-quire first consider- 
ation in the design of a tractor for general farm use. 
Plenty of power and high tractive efficiency are assumed 
as necessary features of a successful plowing outfit. 
Manufacturers have exercised much care and pains over 
more than a score of years to produce a machine specific- 
ally designed to meet plowing needs, and to fit into such 
other farm practices as do not call for radical modifi- 
cations of that design. Today the market affords a 
choice of many makes and sizes of tractors, almost any 
one of which is suited to average plowing conditions. 
Characteristic of these power units is (1) the tendency to- 
ward high power, (2) compactness with low clearance, (3) 
plowing speeds ranging around 2% miles per hour, (4) rigid 
construction with fixed dimensions, and (5) a price some- 
what proportional to merit so that competition is keen. 
The production of row crops permits the continuation 
of thorough surface tillage. Because of the conditions 
involved, the cultivation of such crops has been peculiarly 
adapted to the use of horse power. The relatively narrow 
path which a horse may follow, the light draft of common 
cultivators, the ease of guiding horses in rows, the ease 
of starting and stopping, and the fact that horses have 
seldom been charged with serious packing of the soil, 
have been factors in keeping horse power predominant 
in cultivation. In order to supplant horse labor during 
the growing season the tractor must be adapted even 
more advantageously. The shape of the power unit should 
be narrow to pass between the rows, or what seems more 
practical, the clearance under the machine should be high 
to permit straddling of the rows. This requires an arched 
frame or the use of extremely high wheels. Because of 
variations in row widths the tread of the tractor needs to 
be adjustable. Of secondary importance are those factors 
which contribute to efficiency and convenience. Speed in- 
creases the capacity of the outfit. Ease of guiding and 
turning around at the end, and ease of starting and stop- 
ping are essential in order to gain favor over methods em- 
ploying horses. Lightness seems desirable, though the 
actual dangers of soil packing are the subject of contro- 
versy. In all, the essential features of a power cultivator 
are vastly different from, and in some ways in opposition 
to, those which characterize the plowing unit. We are con- 
fronted with the problem of developing or recommending 
one power unit to adequately fill nearly all of the farm 
needs in the field and on the belt. Extreme optimism 
would seem evident in any predication to the effect that 
a complete solution is near at hand. -Nevertheless there is 
ample need for spending considerable effort in improving 
present conditions, and, as one agricultural engineer has 
expressed it, the results may be like the general-purpose 
cow, which does not fill either purpose completely. Yet 


(Left) On Babson’s Four Pine Farm near Hinsdale, Ill., a general-purpose tractor is used for operating a hay baler. (Right) The 


general-purpose ‘tractor is especially adapted to hauling wagon and loader in gathering hay in the field. In fact, it is well adapted 


to all haying operations from mowing to baling 
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there is a proper place for such a cow, and there is a 
place for such a tractor. 

New Jersey holds a leading place in the production of 
truck crops and furnishes a ready market for the better 
makes of light garden tractors. Manufacturers and agri- 
cultural engineers are repeatedly called upon to furnish or 
recommend a small power cultivator which is capable of 
plowing. The problem is in many ways similar to that 
of the general purpose field tractor, only perhaps more 
exaggerated. Those farmers who operate large enterprises 
ordinarily have several power units suited to various uses. 
Plowing is done with a field tractor or horses. Cultivat- 
ing of the narrower rows may be done with a group of 
small power cultivators or even by hand. There are light 
power outfits on the market which are admirably suited 
to this highly specialized work. Unfortunately, perhaps, 
there are many smaller truck farming enterprises where 
neither the plowing nor the cultivating work alone justifies 
the purchase of a separate power unit. The only immediate 
solution seems to be a power garden cultivator which will 
plow satisfactorily. The problem in our present discussion 
is similar except that we seem to need a plowing tractor 
that will cultivate satisfactorily. Returning to the garden 
tractor, it appears impractical to try to market a machine 
which has enough power and weight for acceptable plow- 
ing, because such a machine is costly, and usually is awk- 
ward to manage in narrow row cultivation. Repdrts from 
New Jersey dealers indicate a trend in demand from the 
extremely light cultivator toward the intermediate size of 
tractor which can plow a narrow, shallow furrow. In other 
words, a compromise is being effected, and in a similar 
way a certain amount of compromise may be necessary 
in adapting a tractor to the field plowing and cultivating 
requirements of the general farm. There must be some 
compromise between the rangy, fast, light machine for 
cultivation and the compact, high powered machine with 
traction for plowing. 


The possibilities of overcoming differences in the field 
requirements of a general-purpose tractor by a rearrange- 
ment of the running gear are dependent on the ingen- 
uity of the manufacturer and the mechanical ability of 
the farmer. Garden tractor and power cultivator de- 
signers have made use of the swinging arch and extra 
sets of wheels in order to get a high clearance for culti- 
vation and a low hitch for plowing. Weight may also be 
added when increased traction is necessary. The prin- 
cipal objection to complicated adjustments has been that 
the farmer lacks either the time or the mechanical in- 
clination to make them work properly. However, a con- 
sideration of the ease with which such a machine as the 
grain binder may be adjusted for transporting purposes 
seems to diminish the obstacles confronting adjustments 
of the tractor set-up. I am inclined to think that if a 
salesman or manufacturer would tactfully call a farmer’s 
attention to the convenience of setting the tongue and 
transportation trucks under the present day binder, he 
would find a greatly reduced sales resistance toward a 
reasonable amount of tractor adjustments. Flexibility in 
the assembly and set-up of the general-purpose tractor 
seems to be almost essential to proper adaptation for 
general usage, though sturdiness must be maintained. At 
any rate, if farmers must be depended upon to furnish 
a certain amount of mechanical talent in handling a 
general-purpose tractor, they will eventually do so. Farm- 
ers today drive automobiles, overhaul engines, build radios 
and manage a line of mechanical apparatus which would at 
one time have been far beyond their interests and abilities. 
The adaptation to any particular type of management may 
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have to be gradual, though ultimate success will not be 
lacking through weakness of the farmer in mechanical 
operations. 


Just what will be the need for a general-purpose trac- 
tor will depend on the trend in agricultural machinery and 
practices. Present types of tillage equipment may give 
way to a new line having still different power require- 
ments. But of even greater importance is the managerial 
side of farming. There is much discussion at present as 
to the possibilities of an increased proportion of large 
farms. General-purpose tractors belong essentially to the 
smaller enterprises. The big farmer can better afford a 
power unit for each major operation having different re- 
quirements, than he can afford one general-purpose unit 
which may not be entirely adequate for any one operation. 
In large-scale industries a slightly improved piece of 
equipment which operates daily may displace a partly worn 
machine, and profits can be demonstrated beyond a doubt. 
In contrast, the high charges which a small farmer must 
credit to interest and to depreciation during idle periods 
tend to minimize the advantages of small improvements 
in the operating efficiency of a new machine. Thus, while 
the big farmer may find it profitable to have both a field 
tractor and a power cultivator because operating efficien- 
cy is relatively important to him, the small farmer must 
be governed more by the interest and depreciation costs 
during idle periods. He can better afford to do both the 
plowing and the cultivating operations at a slightly de- 
creased convenience and efficiency, if necessary, than to 
pay the difference for an additional power unit. The 
successful general-purpose tractor does not need to per- 
form all tasks at an efficiency comparable to the special- 
ized power units, but it should not allow this inefficien- 
cy to become too great to be compensated by the invest- 
ment advantages. 


One of the outstanding hindrances to a more exten- 
sive use of farm tractors has been the fact that the aver- 
age tractors has not displaced enough horses. If the 
general-purpose tractor can handle all of the tillage and 
other field operations and belt work, it will still be only 
a partial substitute for horses. Hauling light loads or 
making long trips to markets usually can be done best 
by horses or a truck. In New Jersey, where marketing 
occupies a leading place in the farming schedule, trucks 
are in general use. Good roads and the frequency with 
which trips are made to market, carrying perishable goods, 
contribute to the popularity of the truck in this state. The 
high cost of feed on the other hand has made it expensive 
to keep horses the year around. Reports from local 
dealers indicate that tractor sales are increasing in New 
Jersey and that power cultivators and general-purpose 
tractors are rapidly coming into use. From the manu- 
facturer’s standpoint it is indeed promising to note the 
advance made by one prominent general-purpose tractor. 
This machine is already selling as rapidly as the more 
standard designs of tractors, even though extensive ad- 
vertising, publicity and sales pressure have been lacking. 
It is a rare event in business to experience a demand 
so great, or a commodity so satisfactory, that extensive 
sales are made without resort to thoroughly organized 
and skillfully conducted selling campaigns. It means some- 
thing for a tractor to win its own way. New Jersey 
farmers are taking on the general-purpose tractor, and 
every improvement that is: made in its adaptation to 
general uses will hasten the day of the one tractor farm 
aided only by a team or truck. 
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‘By F. D. Cornell, Jr.’ and H. L. Crane’ 


HE use and development of 2 stationary system of 
to spraying has created widespread interest 

among orchardists. They see in it a possible solution 
of the problem of a more satisfactory, efficient and eco- 
nomic means of controlling orchard insects and diseases. 

The only published results of experimental work with 
stationary spraying systems now available have been issued 
by the California and Washington agricultural experiment 
stations. 

Results of the investigational work conducted at the 
California station on stationary spray plants have been 
published in California Bulletin 406. This bulletin, by B. 
D. Moses and W. P. Duruz, sets forth some advantages of 
this type of system for California conditions. It describes 
the individual units of the system and the methods of in- 
stallation. In addition, field observations and results of 
field tests are included. 


On the large percentage of systems, electric motors are 
used as a source of power. The effect of various factors 
on voltage drop are shown. Tests also showed 1 to 1%- 
inch mains and % to 1-inch laterals to be most satisfactory. 
Pressure tests were made with varying numbers of nozzles 
open to determine the relation between pressure drop and 
the number of nozzles. Installation costs were found to 
range from $29.21 to $106.19 per acre, and operating costs 
to be from $5.04 to $12.69 per acre for a single application. 


The Washington station has carried on some inves- 
tigational work with stationary spray plants. Results of 
the work have been published as Washington Bulletin 212. 
In this bulletin, by H. L. Garver, the units and set-up 
of the system are described. In Washington, as in Cali- 
fornia, electric power is used extensively on stationary 
spraying systems. Rather extensive tests were made on the 
effect of pressure on the atomizing and the carrying 
distance of the spray, the results of which are included 
in the bulletin in tabular form. Data on installation and 
operating costs are also given. 

West Virginia orchardists have for years followed the 
common method of spraying by using portable spray rigs. 
On the larger orchards several spray rigs, tank wagons, a 
large number of mules, and a large personnel are required 
to put on a spray. Breakdowns, delays, maintenance, and 
housing of equipment, high feed costs of keeping mules, 
and high labor costs cause many to stop and consider, if 
perchance some effective, efficient, and more economical 
system of orchard spraying might not be employed. 

During the past eight years, as a result of much con- 
sideration by individual growers, six orchardists have 
pioneered the way in the state by installing a total of nine 
separate and complete hydrant or stationary spraying 
systems in their orchards. These men have gone through 
the experiences of trial and error in working out the 
details of a successful system for West Virginia conditions, 
and their contribution to the progress of the development 
of a more efficient and more economical system of orchard 
spraying, if such it proves to be, should receive the hearty 
approbation of all orchardists in the state. 

There are certain obvious features of this system which 
recommend it as worthy of every serious consideration. 
Probably the most outstanding of these is the timeliness 


1A preliminary report of a cooperative investigation by the 
Department of Farm Economics and the Department of Hor- 
ticulture of the West Virginia Agricultural Experiment Station. 
Released for first publication in AGRICULTURAL ENGINEERING. 

2Agricultural engineer, West Virginia Agricultural Experi- 
ment Station. Assoc. Mem. A.S.A.E 

*Associate horticulturist, West Virginia Agricultural Ex- 
periment Station. 


of the spray. With the hydrant system, the spray can be 
put on when it will be most effective, regardless of the 
condition of the soil. With sprays such as the pink spray 
and the codling moth spray, the season for effective 
application is short. With the hydrant system these 
sprays can be applied at the proper time, since soil and 
climatic conditions are not limiting factors. 


Then, too, there are possibilities of great economies to 
be effected in the use of stationary spray systems. The 
points which suggested to these pioneer users the possibil- 
ities of saving were the facts that a spray could be put 
on with a smaller personnel; there was greater crop in- 
surance since the spray could be aplied at the proper 
time and more thoroughly; costly horses and mules could 
be eliminated; and perhaps maintenance costs of equip- 
ment lowered. It was a consideration of these problems 
which prompted these growers to install these first systems 
and bear the brunt of much costly experimenting in an 
effort to find a more ideal type of orchard spraying equip- 
ment. 


This study of the stationary spray plauts in the state 
has as its purpose, therefore, the making available for the 
growers the information obtainable regarding the details 
and costs of installation, the handling of the system the 
year round, and the efficiency and economy of the hydrant 
system as compared with the portable method of spraying 
for both large and small orchards. 


This report presents facts, figures, and recommendations 
as they were obtained from the owners of the hydrant 
systems. These recommendations should be of interest 
and value as they are made after long and often costly 
experiments and trials with various items of equipment 
within the system. All of the systems studied, with one 
exception, had been installed for at least two spraying 
seasons. 


The Water Supply. In interviewing users of the hydrant 
systems each one particularly emphasized the absolute 
necessity of having available a plentiful water supply. 
The stationary system requires considerable quantities of 
water for operation and the water must be available for 
use to carry on the day’s spraying. The quickness of 
putting on the spray, the quantity applied per tree, and 
the flushing of the lines with water all make heavy de- 
mands on the water reserve. The ideal location for the 
water supply is above the spray plant so that water can 
be obtained at the mixing tanks by eravity. If there is 
no source of supply so located, it is advisable to pump 
water to a tank or reservoir at the desired elevation rather 
than try to locate the plant near the source of water and 
then have to pump spray liquid up hill under heavy 
pressure. The advice of present owners is that the force 
of gravity should be employed in every way possible. It 
is advisable, too, to have large pipes from the supply to the 
mixing tanks so that tanks can be filled quickly. 

Location of Plant. Most of the orchards in West Vir- 
ginia are, in part at least, located on well-defined slopes 
or on rolling land. As a consequence, the main plants of 
the hydrant systems now in use in the state, with two 
exceptions, are located at high points in the orchards. 
Thus gravity pressure is taken advantage of and such 
high pressures need not be maintained at the pumps. 
Another advantage of this plan of location is that the vari- 
ous parts of the systems are working under lower pressure, 
thus helping to insure somewhat longer life and lower 
maintenance cost. 


One owner whose orchards are on opposite slopes has 
located his plant in the valley between, and pumps the 
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spray liquid through mains running up either slope. This 
requires a much higher pressure at the pump in order 
to get a satisfactory pressure at the spray nozzle than 
in the cases where gravity is effectively utilized. In 
general, the recommendation is that the plant be located 
at a high point in the orchard making use of the advant- 
ages to be gained by gravity wherever feasible. 


The Power Plant. The part of the hydrant system 
about which greatest interest centers is the central power 
plant, since the effectiveness of the separate items of 
equipment here determines in large measure the degree 
of success attained in using the stationary method of 
spraying. | 

From ‘information obtained, an engine of sufficient 
power is essential to successful operation. This means 
that theré’ should be sufficient reserve power so that the 
engine does not have to work at full capacity at all times. 
The type of engine may vary greatly so long as it is 
capable of developing adequate power. This is indicated 
by the fact that there may be found on the plants now 
successfully operating, engines varying in type and kind as 
follows: One 16-hp. steam engine, the engine being used 
for power and the steam also for cooking the lime sulphur; 
one Hercules 35-hp. gasoline engine; one Ford automobile 
engine; one Stearns-Knight automobile engine; one 10-20 
International tractor; and one Edwards one-cylinder engine 
capable of developing 6 hp. On the only system where 
there seemed to be much difficulty from delays and break- 
downs, a 4-hp. Novo engine was in use and was unsatisfac- 
tory as a source of power. In figuring the power necessary 
in this particular instance it was found that at least an 
8-hp. engine would be required for successful operation. 
Thus it can be seen that the engine is a vital part of the 
system, although used automobile engines which had cost 
as little as $10 seemed to be performing admirably, illus- 
trating that adequate power can be obtained at a low cost. 
The employment of used automobile engines, which can 
now be obtained at a very moderate figure and for which 
replacement parts are readily obtainable, opens an avenue 
of possibility in obtaining an engine very cheaply for 
stationary use which under such conditions should per- 
form satisfactorily for a long period. 

In most of the systems now in use, power in transmitted 
by having the pump geared directly to the drive shaft of 
the engine. On one small plant a belt is used satisfac- 
torily. Also on one large plant, in which a pressure of 
600 pounds per square inch is carried at the pump, power 
is transmitted by a belt. Either method of power trans- 
mission seems to give satisfactory results, although the 
positive gear transmission is preferred. 


The Pump. The history of the development of a satis- 
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factory pump for stationary spray plants is a very inter- 
esting one. On one of the systems now in use in the 
state, and incidentally one of the first if not the first such 
system in the East, several pumps were tried with poor 
success. Finally, one of the well-known pump companies 
built a pump to order to meet the specifications furnished 
by the owner of the system. This was probably one of 
the first pumps specifically built for use with a stationary 
spray system. The pump proved very satisfactory, and, 
with a few minor changes and replacements which actual 
operation revealed should be made, is still operating very 
effectively and shows no sign of serious depreciation after 
six years of service. This pump has been improved and 
refined by the company and a later model is now in use on 
two installations. 


At present several of the leading manufacturers of spray 
pumps, realizing the increasing popularity of stationary 
spray systems, have developed pumps for this use which 
are highly satisfactory. 

On the systems now operating in the state there are 
three Domestic “Giant” pumps. These are three-cylinder 
pumps. The first model has a 3-inch bore and a 12- 
inch stroke. The later model, of which two are in use, 
has a 4-inch bore with a 14-inch stroke. This pump is 
capable of delivering §0 gallons per minute under 500 
pounds pressure. Two Bean three-cylinder spray pumps, 
delivering 16 gallons per minute under 400 pounds pressure, 
are giving complete satisfaction. On one plant a Myers 
“Bulldozer” pump delivering 10 to 12 gallons per minute 
under 300 pounds pressure is used, and on one plant an 
old portable spray pump is in use. The latter is a small 
plant, and the rig, although made up almost entirely of 
cast-off equipment, is serving 60 acres of orchard effi- 
ciently. 

Since the pumps in the hydrant spray systems work 
under such heavy pressures, it is important that they be 
securely and rigidly anchored to a solid base in order to 
eliminate vibration and get the best results. The pump 
itself, in order to give long service and successfully with- 
stand the high pressures without strain, must be very 
substantially constructed. 


One point which is open to speculation among owners 
of hydrant systems is in connection with the pump. Most 
of the pumps now in use on the systems are special 
pumps for which replacement parts are not readily avail- 
able. As yet no serious difficulties have been experienced 
due to breakdowns. About the only replacement costs 
on pumps thus far have been for new packing occasionally. 
However, the question of costly delay in case of serious 
breakdown is ever present and one owner suggests as a 
solution for this question a battery of smaller identical 
pumps any one of which could be cut out at any time leav- 


(Left) Partial view of equipment comprising a West Virginia stationary spraying system. 
pump of a stationary spraying system serving 250 acres of orchard 


(Right) This picture shows tank and 
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(Left) View of a complete central plant of a stationary spraying system used for a large orchard. (Right) This small station- 
ary spraying plant was made up largely from obsolete equipment 


ing the others to operate. Since owners are havir~ no 
pump troubles now they are worrying very little over 
this question. 


The pressures under which the pumps operated varied 
from 300 to 600 pounds. The latter high pressure was 
necessary since the spray liquid was pumped up hill, a 
rise of nearly 400 feet. This gave a pressure at the high- 
est point of about 290 pounds with the gun open. The gun 
had 7/64 discs and was on the end of 250 feet of %-inch 
hose. The average pressure carried in the stationary 
spray systems is about 400 pounds. 


Relief Valves. An efficient and reliable relief valve is 
necessary for proper protection to the system. A relief 
valve which fails to function properly may cause consider- 
able damage as was illustrated in one case when several 
of the parts of one system in use in the state literally 
blew up due to a failure of the relief valve to operate 
properly. Although on one or two of the plants, several 
different makes and types of relief valves have been tried, 
there has not been enough thorough experimenting to de- 
termine definitely which type of relief valve is most reli- 
able for use with the stationary spray system. 


Strainers. In general a strainer so constructed that the 
materials are strained up through the screen rather than 
down is by far the more satisfactory. In a strainer of 
this type, the material taken out by the screen tends to 
fall away from the screen and settle in the bottom of the 
strainer, thus preventing such frequent clogging of the 
screen and much of the difficulty experienced in having to 
clean the screen so often, as in the case when the ma- 
terials are strained down through the screen and the 
particles taken out remain on the screen. 


Tanks and Agitators. Most of the tanks in use on the 
stationary spray systems in West Virginia are wooden 
tanks taken from old portable sprayers and adapted to use 
in the stationary system. These are cypress tanks of 200- 
gallon capacity, except in one case where two such tanks 
have been placed end to end thus making a tank of 400- 
gallon capacity. These tanks are all equipped with me- 
chanical agitators driven from the pump or the engine. 

On one system a rectangular concrete tank is in use. 
This tank is also equipped with a mechanical agitator. 
In building a tank of this type, it is important that the 
corners be filled in and rounded out with concrete. Other- 
wise, spray materials will settle and collect in the corners. 

One owner calls attention to the fact that the eleva- 
tion of the mixing tank above the pump has a direct 
bearing on the pressure when the supply in the tank is 
low. He says: ‘‘The bottom of the supply tank should be 
above the level of the top of the pistons. This will make 


a difference of 25 pounds of pressure on the line at the 
same speed of the pump and with the same discharge.” 


In this connection it might prove valuable to determine 
the most satisfactory and efficient size for mixing tanks. 


Housing. The housing of the plant need not prove an 
expensive item. The essential features are that it provide 
ample protection for the working parts, and that it be 
preferably a two-story structure for ease in mixing and 
handling materials. Just how far one cares to go in the 
construction of a building after providing the essential 
features, depends largely on personal preference. 


The Pipe Line. The pipe line is a very important part 
of the stationary system and experience has taught the 
West Virginia owners much in regard to the details effect- 
ing the efficiency of the line, which to the uninitiated might 
seem relatively unimportant. 


In every case, in systems now operating in the state, 
black iron pipe is used. The chief reason for its use is its 
cheapness. No galvanized pipe was found in use in the 
lines, since owners felt that the pipe rusts out largely 
from the inside and the benefits to be derived from using 
galvanized pipe did not warrant the additional expense. 


One owner is gradually replacing his pipe as it becomes 
necessary with copper bearing iron pipe which is now 
obtainable at slightly higher cost than black iron. This 
pipe contains a percentage of copper which tends to re- 
duce the rate of corrosion. On the one system where it 
has been tried it is felt that this pipe is worth the slight 
additional expense, and is a more economical pipe invest- 
ment in the long run than ordinary black iron pipe. 


On another system in the state practically all of the 
pipe in use has been purchased second hand. This system 
was installed in 1921 and some of the pipe has been in 
use since that time, and still shows littlé sign of serious 
deterioration. The fact that satisfactory service may be 
obtained from used pipe opens up another possibility for 
reducing installation costs. 


For the main lines on the systems studied, the follow- 
ing sizes of pipes were in use: 1, 114, 1% and 2-inch. 

The two-inch mains were in use on a system where the 
spray liquid was pumped up hill a total elevation of 400 
feet. The large main'was used in this case to reduce loss 
in pressure due to friction. 

For laterals, all users of the hydrant systems visited 
recommend %-inch pipe. There are in use for laterals at 
present, however, pipes of 3%, %, and %-inch in size. It 
should be said in defense of the owners who ‘have used 
pipes as small as % inch that at the time their systems 
were installed there was little information on stationary 
spray plants available to assist them. The % and %-inch 
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sizes are slowly being replaced with %-inch pipe, although 
many laterals of these smaller sizes are still in use. Brief- 
ly summed up, the opinion of owners of hydrant systems 
is that for laterals 1-inch pipe is too large and too expen- 
sive, while 44-inch pipe is too small to give the best re- 
sults, and that %-inch pipe should be used. 


Due to the topography and irregular layout of orchards 
in West Virginia, the location and distribution of main 
lines and laterals is largely an individual problem. In 
general, the laterals are run off the main line about every 
fourteen tree rows. With the systems now in use, how- 
ever, this varies from four to twenty rows. The mains are 
run in such a way that the orchard may be most easily 
eovered by the system. 


Laying the Pipe Line. All pipe lines for hydrant spray- 
ing work in West Virginia are laid above ground. This 
hinders cultivation to some extent, and broken pipes are 
apt to result occasionally, but this method is preferred to 
laying the pipe underground since it is cheaper, repairs 
can be made quickly and easily, and the lines may be 
laid down or taken up readily. It would seem that there 
might be decided advantages in running the lines through 
the trees. 

In laying the pipe line it is not necessary that the 
joints be turned up tightly since the spray materials seal 
the joints sufficiently. The threads on the pipe should not 
be leaded in making the connections. One method used 
in attaching the laterals to the main lines seems to possess 
merit. For example, if attaching a lateral to a 1%4-inch 
main, a 14-inch four-way tee is used, this is bushed down 
to % inch, then a %-inch valve is installed, and finally the 
lateral pipe. This method of taking off the lateral cuts 
down the friction where the lateral is attached at right 
angles to the main line. Laterals are taken off the main 
line usually about every fourteen to twenty tree rows. 

There should be plenty of unions in the pipe line to 
facilitate repair, and taking up or putting down the lines. 
Ground unions should always be used in this work, thus 
eliminating the necessity of replacing gaskets frequently. 


There should be at least one stand pipe or air chamber 
in the line, preferably somewhat near the pump. The 
common type of stand pipe now in use on the systems in 
West Virginia is a piece of six-inch casing about six feet 
long, threaded and capped at both ends, with fittings 
inserted in the cap at one end for attaching the stand pipe 
to the line, and a pressure gage inserted in the top cap. 
The principle of the air chamber is readily understood, 
and its value on a long pipe line under high pressure is 
easily appreciated. In one case, where the line was 
exceptionally long, two stand pipes or air chambers were in 
use. 

More difficulties seem to have arisen in connection with 
the valves than with any other part of the pipe line. The 
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owners of the hydrant systems were unanimous in their 
opinions that gate valves were not satisfactory for hydrant 
spraying work, although many gate valves are still in 
use. Some men had purchased a few high-pressure valves 
but found this to be an unnecessary expense. One grower 
has found a shut-off for use in the lines which has proven 
very satisfactory under fest. Another operator has been 
using a rather more expensive type of globe valve with 
removable seat, which may be replaced when worn. All 
owners of systems are still experimenting from time to 
time with various types of valves in an effort to find the 
best type for hydrant spraying work. Globe valves and 
special shut-offs have given the best results thus far. 


One difficulty seems to be a tendency on the part of 
the spray crews to close the valves too tightly. The in- 
evitable result, eventually, is a leaky valve. The valves 
tend to become corroded and must be cleaned when the 
spraying season is over. Where pipe lines are taken up, 
one method of handling is to loosen the valves from the 
seat and drop all of the valves into a barrel of oil. Used 
crankcase oil may be utilized in this manner. 


Care of Pipe Line. The usual method followed with 
the hydrant spraying system is to flush it out with clear 
water about fifteen minutes before quitting time. When 
the hose men see clear liquid coming out of the guns they 
know it is time to quit. The pipe line, thus flushed out, 
it left full of clear water until the next day or the next 
spray. 

The one owner who did not follow this practice asserted 
that he never had difficulty as a result of leaving his lines 
full of spray liquid. When the men started spraying the 
next time, they merely directed all of the old black spray 
onto the ground and as soon as the spray cleared up began 
spraying the trees. The belief that the directing of some 
of the old spray onto the trees, as is possible with this 
method, would injure the trees does not seem to have been 
borne out in this particular instance, according to the 
owner. 


In cold weather the valves should be raised a little. 
If there is real danger of freezing the lines are drained. 
To do this, there should be a drain plug at all low points 
in the line. 

Different methods seem to be employed in handling 
the pipe lines during the winter. The more common is to 
take up all laterals, after the system has been flushed out 
with clear water, and store the pipe away over the winter. 
The valves are cared for as has been described, and the 
pipe is usually piled away neatly under shelter. One 
owner, before storing his pipe, drops it in a long trough 
filled with used crankcase oil. The pipe is then removed, 
placed on end to drain, and finally stored under cover. 

One grower takes up no pipe at all. His theory is that 
the threads are the weakest part of the pipe, and they are 


(Left) This picture shows the central plant housing the working parts of a stationary spraying system on a large West Virginia 
orchard. The tanks shown are for reserve water storage. This insures against delays due to failure of the main water supply. 
(Right) Elaborate housing is not essential to successful operation of stationary spraying plants 
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merely worn out taking up and putting down the pipe. Of 
course, there is the labor involved also. In handling his 
system for winter idleness the valves are lifted off the 
seats and oil is squirted in the valve after the whole sys- 
tem has been thoroughly washed out with clear water and 
drained. The threads at all joints are painted as the pipe 
lies on the ground, as this is the point where the owner 
feels corrosion will take place most rapidly. All pipe 
lines are then left down until ready to spray the next 
year. Occasionally there is a broken pipe due to culti- 
vation or travel over it, but its replacement is not diffi- 
cult or particularly expensive. Some of the pipe handled 
in this way has been in use for eight years and shows 
little sign of serious deterioration. 

All owners leave all main lines down all winter. One 
orchardist painted all main lines with red lead. The paint- 
ing was for preservation, and the red was used instead 
of black so that the lines could be readily seen by those 
operating cultivating equipment. 

Hose and Hose Connections. In all cases but one the 
growers visited were using 250-foot lengths of hose with 
each spray crew, and on a few occasions were using 300 
feet or more. The size of hose in use was % and %-inch 
high pressure hose. The length of life of the hose, from 
the experience of the West Virginia orchardists, is two 
years. There is a possibility of getting some service out of 
it the third season. 

For repairs and connections the hose man in nearly 
every case simply carried a pair of pliers, some soft wire, 
and hose repair connections. Occasionally a nine-inch 
pipe wrench was added to this equipment. Patent hose 
connections and couplings were largely discarded because 
of troubles and delays caused by them. The hose in use 
cost from 11 to 21 cents per foot, depending upon the 
number of plys. No hose reels were used in handling the 
hose. 

As a general rule, there was very little hose trouble. 
In only one instance was the trouble reported of a serious 
nature and that was due to the fact that the owner got 
hold of a lot particularly poor quality hose. 

‘Spray Guns. The spray gun is in general use in the 
hydrant spraying systems studied in West Virginia. There 
seems to be a general feeling that there is room for con- 
siderable improvement in spray guns for use with these 
systems. All expressed an opinion that a more satis- 
factory gun for hydrant spraying conditions than is now 
available should be developed. The guns in use on the sta- 
tionary spraying systems in West Virginia are the Boyce, 
Friend “Pilot,” Friend “Hi-Lo,” Bean “Pilot,” and the 
Hardy. The Bean seems to be particularly good under 
windy conditions. The Boyce is used on young trees and 
also for summer sprays. The Hardy seems to be pre- 
ferred in applying the dormant spray im some cases, and 
the Friend guns are used in general spraying throughout 
the season. Where other types are also in use, the Friend 
is used on the older trees. 

A comprehensive study of spray guns and rods under 
hydrant spraying conditions, with the view to develop- 
ing more efficient equipment for use with the system, is 
recommended by the owners of hydrant spraying systems 
in West Virginia. 

Organization of Crew and Methods of Applying Spray. 
In every case but one the owners of hydrant spray systems 
in West Virginia are using three men in each spray crew, 
two hose men and one man with the gun. Using 250-foot 
lengths of hose as they do, there seems to be difficulty 
in cutting down the size of the crew. One man, however, 
uses a scheme with which two men can handle the work 
instead of three. 

In most cases one man at the central station keeps the 
machinery running and mixes the materials. One orchard- 
ist says he finds it economical to keep one man walking 
the pipe line while spraying work is on whose duty it is 
to stop leaks and keep the lines in operating order at all 
times, thus preventing costly delays. 

It would seem that a logical development is toward 
a scheme where one man comprises the spray crew instead 
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of three as at present. This is already being tried in an 
orchard nearby in a neighboring state and apparently with 
success. There one man handles 150 feet of hose and does 
the spraying -himself. In cutting the spraying costs this 
development seems inevitable. It seems probable that 
one man with perhaps more frequent set-ups and shorter 
length of hose will soon replace the three-man scheme 
now in use. 

The more general arrangement of spacing the laterals 
and faucets is so that a block of fifty-six trees can be 
sprayed from gne faucet. The orchardists visited reported 
that each spray crew sprayed an average of about four 
hundred trees per day. Most owners of the hydrant sys- 
tems have the same crews spray the same blocks of trees 
throughout the season. In this way they can check on 
those who are doing careful work, and fix responsibility 
for careless work without question. 

In spraying all followed the practice of having the man 
with the gun get right under the tree next to the trunk 
and spray around on the inside, gradually working toward 
the top until the spray came out at the top of the tree. 
The man then stepped out and walked around the tree, 
spraying it completely on the outside. Also, the crew was 
spraying about 90 per cent of the time, and consequently 
they could spray more rapidly than crews with portable 
rigs, since in the latter case two-thirds of the time is spent 
in travel, refilling, etc. 

Some definite scheme for spraying the trees should be 
followed, in fact, some system is essential if|no trees are 
to be missed. In the accompanying diagram |is shown the 
scheme followed by the grower who uses only two men 
in his spray crew. From the diagram it can be seen that 
the hose man does not have to drag more than four tree 
rows length of hose at any one time. 
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This diagram shows the path the man takes with the spray 
gun. The same operation is repeated on the opposite side 
of the lateral 
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The Direct Application of Mechanical 
Power to Soil Tillage’ 


By J. Brownlee Davidson’ and Edgar V. Collins’ 


N A PAPER published in the 1914 Transactions‘ of the 
Society, Mr. Max Patitz quoted an agricultural writer, 
Chandos Wren Hoskyns, who in about 1850 wrote the 

following: “But I hold it to be an idea fundamentally erro- 
neous to attempt to combine steam machinery with the 
plough, and record my conviction that until the idea of the 
plough, and in a word all draught-cultivation is utterly 
abandoned, no effective progress will be made in the appli- 
cation of steam to the tilling of the earth.” The easiest and 
most efficient way to utilize the energy of a draft animal 
for field work is to arrange an implement which the animal 
may drag. Animal power is essentially linear power. On 
the other hand, mechanical power is just as easily recog- 
nized as rotary power. To change the motion of applica- 
tion of animal power from linear to rotary, or the motion 
of mechanical power from rotary to linear, results in a 
serious loss. This situation has been so generally recog- 
nized that agricultural history, since the introduction of me- 
chanical power, records many a dream and many an at- 
tempt to apply power directly and through a rotary motion. 
In this paper an attempt will be made to analyze the 
distribution of mechanical power in its application to 
tillage with special reference to the losses incurred and to 
review the various attempts which have been made to 
devise direct-driven tillage machines. A study of the sub- 
ject reveals that a large amount of thought and effort 
has been devoted to the problem and the patent office is 
full of inventions which were intended to furnish a solu- 
tion. Even a cursory investigation of the great amount of 
study and work which have been given to the problem of 
applying mechanical power direct to soil tillage must lead 
te the conclusion that it is not a problem easily solved. 


The conventional tractor of the wheel type at the 


1Paper presented at a meeting of the Power and Machinery 
Division of the American Society of Agricultural Engineers, at 
Chicago, December, 1928. 

*Professor of agricultural engineering and head of the depart- 
ment, Iowa State College. 

’Agricultural engineer, Iowa Agricultural Experiment Station. 

*The Rotary Tiller or Soil Milling Machine, Max Patitz, p. 
57, Vol. VIII, Trans. A.S.A.E. (1914). 
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present time delivers the power of the engine through a 
clutch to a transmission consisting usually of three speed 
reductions by means of gears or chain belts alnd sprockets. 
For each brake horsepower of the engine, the tractor will 
weigh from 125 to 290 pounds, of which, when at rest, 
appro:ymately one-third will be on the steering wheels and 
two-thirds on the drivers. A distribution of the power 
of the motion under field conditions will be about as 
follows: 


Transmission loss 10 to15 per cent 
Rolling resistance 20 to 65 per cent 
Lug loss 5 to 10 per cent 
Grade loss 0 to 50 per cent 
Delivered to drawbar 65 to 25 per cent 


The foregoing table has been prepared for no other pur- 
pose than to furnish a basis for thought. The losses vary 
widely and combinations of operating conditions are in- 
numerable. The tillage operations usually performed are 
plowing and working the plowed land into a seedbed. 
Perhaps an efficiency of about 65 per cent may be expected 


for favorable plowing and 25 per cent when working 
freshly plowed soil. 


In connection with a consideration of the efficiency of 
wheel tractors, mention should be made of cable plowing, 
although the authors are unable to cite power efficiency 
data. Steam plowing tackle seems to be well established 
where unusually severe conditions are encountered. The 
results of some experiments with which the authors were 
connected indicated that cable plowing may have some 
meritorious features which are being overlooked. Present 
day equipment most certainly involves too much labor in 
its control to ever meet American conditions. 


The merits and shortcomings of the modern plow 
should be mentioned before taking up a discussion of 
rotary tilling machines. There is much sentiment con- 
nected with the modern plow. It is indeed a wonderful 
implement in its most advanced form. It is simple, of 
reasonable cost and easily adapted with certain changes 
to nearly all conditions of soil, and trash and plant 
growth can be completely covered—an absolute necessity 


TURNING FURROW ___ 
SLICE 34% 


CUTTING FURROW 
SLICE 48% 


(Left) This diagram shows the distribution, under field conditions, of the horsepower developed by the tractor engine. (Right) 


This diagram shows the percentages of the power consumed by the plow required to cut the furrow slice, turn it and move the plow 
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These sketches show the con- 
ventional tractor plowing outfit, 
the cable plow, and two plow 
substitutes, the scratching ma- 
chine and the slicing machine 
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for most conditions. The criticisms which may be made 
of the plow are: 


1. The soil is not pulverized sufficiently well or a 
complete seedbed is not made which is often desired. 

2. The soil is not mixed well. 

3. Open air pockets are left below the furrow which 
are a definite obstacle to the development of the 

’ root system of growing plants. 

4. The trash and plant growth in the surface is placed 
in a layer in the bottom of the furrow where it 
may be an insulator of moisture and is not mixed 
with soil in such a way as to insure rapid decay. 

5. The plow tends to puddle certain soils which after 
exposure to the sun are left in a hard, cloddy, or 
baked condition. 

6. In certain soils the moldboard plow will not scour if 
an attempt is made to turn a furrow slice. 


An analysis of the power consumption of a stubble 
plow by Mr. Collins would indicate that almost one-half 
the power is required to cut the furrow slice loose, about 
one-third is used for turning and pulverizing, and about one- 
sixth is required to move the plow exclusive of useful 
work done on the soil. Many factors are involved and 
the power requirement will vary much with conditions, 
but it is significant that so much power is required to 
loosen the furrow slice before any work can be done upon 
it. The conclusion must be drawn that cutting of the soil 
should be reduced to the minimum and that a shaving 
or slicing process is not economical of power in reducing 
soil. If a series of points could be substituted for a 
share, the power requirment could be reduced. 


In reviewing the various machines offered as plow 
substitutes, it has been necessary to coin some new terms 
which may not be particularly appropriate. Accurate 
data concerning these various machines are, in many 
cases, lacking. This is especially true of power con- 
sumption. 


Scratching Machine. The scratching type of tilling 
machine is one that has been developed to a greater 
degree than many others. The machine consists of a 
self-propelled tractor having a cylinder mounted in the 
rear and carrying on its periphery a large number of 
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sharp, pointed, hook-like tools. The cylinder is driven 
with a circumferential speed greater than the forward 
motion of the machine. The pulverization of soil by 
driving sharp points into it is no doubt sound in principle 
and makes for economy of power. Provision is made for 
the hooks to recede if hard objects like stones are en- 
countered. 


The scratching machine as made is a special machine, 
not particularly convenient to use for other purposes 
than tilling. Its greatest shortcoming is clearly that trash 
and plant growth are not covered, and under certain 
conditions of soil and plant growth the tiller cylinder will 
clog and become a solid cylinder. 

-Rotary Hoe Tiller. The rotary hoe type of tilling ma- 
chine is quite similar to the scratching machine except 
the cylinder is made up of arms which have hoes or 
knives at the ends. Inasmuch as these hoes are virtually 
points, the power consumption ought to be reasonable. 
Like the scratching machine, this type of tiller does not 
cover and would not be adapted to general conditions. 

Slicing Machine. The slicing or shaving machine type 
of rotary tiller consists of a number of shares mounted 
on a drum which is driven over the surface of the soil 
in a manner much like a milling cutter over a machine 
part, except in the opposite direction. The mere fact that 
soil is not easily reduced by a shaving process as indicated 
by the power used by the share and coulter of a plow 
would seem to indicate that this type of machine could 
not by any chance be economical of power. Furthermore, 
this machine will not cover better than the machines which 
have been described. The only merit which can be 
ascribed is that of better pulverization. 


.Spading Machine. The spading type of tilling machine 
has not, to the knowledge of the authors, gotten far be- 
yond the experimental stage. In this machine, spading 
forks are driven into the soil, by an oscillating motion, 
simulating in a way the manual action of a spading fork. 
This machine will necessarily be complicated, a special 
machine, one which will not cover trash well and subject 
to clogging if cleaning mechanism is not provided. The 
economy of power is a matter of speculation. 


Rolling Fork Machine. The rolling fork type of till- 
ing machine consists of a weighted drum with fork teeth 
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This field near Toledo, Ohio, was covered with a three-year-old alfalfa sod. The modified plow and pulverizer shown was the 


only implement used to make the seedbed. 


Note the unusual degree of pulverization of the soil obtained and the complete 


covering of trash and plant growth . 


having an involute curvature extending out from the sur- 
face a distance equal to the desired depth of tilling. In 
operation the drum is rolled forward in the direction 
which will permit the forks to enter smoothly into the 
soil, but which will lift a layer of soil of a thickness equal 
to the length of the forks. Scrapers are provided to pry 
the layer of soil loose and at the same time a beater is 
used to pulverize the soil. It is the writer’s judgment 
that this machine in its preliminary form was particularly 
efficient in the use of power. It was in trying to make 
forks which would not be damaged that the machine was 
found impracticable. Of course, the machine is very spec- 
ial and did not cover trash. 

Modified Plow and Pulverizer. The modified plow and 
pulverizer represents in its conception the advantage of 
the plow for covering and the efficiency of the rotary pul- 
verizer driven by power directly by the engine through 
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Powis Poaer 


Moore Plow ¢ Puverizee 


the power take-off. In this machine a share and shin 
section of the moldboard are used to turn a furrow slice 
partially over so that a revolving cylinder of pulverizer 
blades may act upon the slice from the rear, insuring 
the same trash and plant growth coverage of the plow. 
The more recent inventive effort applied to the machine 
of this type seems to lie more particularly in the relation- 
ship and functions of the essential parts. 

The pulverizer blades acting upon the loosened furrow 
slice may be made to produce a very high degree of pul- 
verization for the power used. The time of performing the 
operation is advantageous and the method is effective. A 
beating action is economical in that the reduction of par- 
ticularly hard sections of soil beyond the range of econ- 
omical reduction does not absorb an excessive amount of 
power. 

A power consumption study of this type of machine is 
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These four sketches illustrate 
four different types of machines 
that have been developed as 
substitutes for the plow, name- 
ly, the rotary hoe, the spading 
machine, the rolling fork, and 
the modified plow and pulverizer 
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interesting. The power requirement of the pulverizer unit 
can be adjusted by design as to location and speed to use 
almost any amount of power from a minimum, say, of one- 
half horsepower per unit as has been actually recorded in 
test. With a power consumption of 2 horsepower per unit, 
a high degree of pulverization can be accomplished with 
good soil conditions and the open pockets in the soil 
well closed. 

The removal of that portion of the moldboard which 
turns and pulverizes the soil provides a considerable sav- 
ing in drawbar horsepower required. The average power 
reduction as revealed by a series of tests in corn stubble 
and oat stubble, was 14.8 and 14 per cent, respectively, or 
a reduction from 10.72 to 9.11 drawbar horsepower and 
from 11.54 to 10.05 drawbar horsepower. 

When properly set the pulverizer reaction tends to re- 
duce the drawbar horsepower; in a rather long series of 
tests, with an accepted adjustment, this amounted to an 
average of a little more than 4 per cent. These reductions 
of drawbar horsepower go a long way toward compen- 
sating for the power used by the pulverizer. It can be 
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assumed, fairly we believe, that the efficiency in the first 
instance of the engine power used will be fifty per cent, 
and eighty per cent in the latter. Thus it is seen that a 
machine of this type can be operated with a rather small 
increase of power, say ten per cent. The performance of 
the combined plow and pulverizer with proper adjustment 
and power consumption should be equal to plowing with 
several secondary tillage operations such as one prelim- 
inary disking, two subsequent diskings, and one harrowing, 
and the machine may usually be operated out of the re- 
serve power ofthe modern tractor engine. 


If it is desired to do a very thorough job of pulverizing 
or beating the soil vigorously for some such purpose as 
pulverizing sod or the killing of grubs, the width culti- 
vated would necessarily be reduced. 


To fully secure all of the benefits of this method of 
applying power, tractors with less weight per drawbar 
horsepower will be needed. This will make for increased 
efficiency. It is significant that several tractors are being 
designed with this in view. 


The World Competition in Wheat Production’ 
By M. L. Wilson’ 


Y SUBJECT may carry with it the idea that the 
world-wide competition in the production of wheat 
is to come some time in the future. Actually it is 

here. Canada in 20 years has jumped its wheat pro- 
duction from 112,000,000 to 500,000,000 bushels. Tremen- 
dous docks, terminal elevators and transportation facilities 
are being rushed to completion on the west coast of 
Hudson Bay to provide more economical facilities for 
getting wheat to the Old World. The Argentine has 
wonderful seaboard shipping facilities which are rapidly 
being modernized. That country exported 140,000,000 
bushels of wheat in 1927 and there is room for much 
expansion. Russia is now buying machinery and making 
plans for adding 5,000,000 acres to its wheat acreage in 
the next three years. Australia has developed a basis, 
and has doubled its acreage in the last few years. In the 
United States there are large areas where wheat is a 
link in the crop rotation system and farms there will 
continue growing wheat for many years. The struggle 
is on. The effects already are being felt. The Montana 
wheat grower is in it and he cannot escape it. His future 
depends entirely upon how he meets the competition. 

This must not be construed as a plea for more and 
greater machinery, for bigger farms, for factory farm- 
ing methods, for an industrialized rural life. It is merely 
a statement of conditions and a hint at what may be 
expected in the future. Montana can produce high quality 
wheat at low cost. Farmers here may meet competition 
only by taking the fullest possible}advantage of these 
possibilities. 

To realize what is going on in the world in wheat 
production it is but necessary to point out that in 1927 
there were 58,000 tractors exported from this country 
and in 1928 the number increased to 64,000. Undoubtedly 
most of them went into farming areas, particularly into 
regions of limited rainfall where wheat is an important 
crop. Combine harvester exports tell the same story. 
There were 4,707 of these machines exported in 1926; 
4,072 in 1927, and 7,317 in 1928. Prospects for 1929 
indicate increased exports. 

There is but one conclusion to be drawn and that is 
that other countries are going after the wheat business. 
How much of the business will be left. in the United States 
will depend largely upon the progress made in reducing 
production costs. It would appear that it will be necessary 


1Abstract of an address to Montana farmers during the 1929 
Farm and Home Week at the Montana State College. 

4Professor of agricultural economics, and head of the depart- 
ment, Montana State College. ao 


for farmers here to stay about two jumps ahead in the 
race, for there are certain other factors in which foreign 
areas have the advantage. 

Of course, the Montana wheat grower is concerned 
with developments in other parts of this country as well 
as in other parts of the world. The fact that so much 
of the whéat of the United States is produced in divers- 
ified farming areas has special significance. Where wheat 
is but a unit in farm rotations, but one of many money- 
making crops, there is not so much reliance upon the re- 
turns from wheat. Farmers in such areas are in a favorable 
position to continue growing wheat, for it fits into their 
farming systems. This is hard competition for the Mon- 
tana grower, whose sole income is from his wheat crop. 

Nor are the other wheat-growing areas of this country 
standing still in the race to lower production costs. Every- 
where new adapted machinery is coming in. Even on the 
comparatively smaller farms of Ohio, Indiana and other 
eastern states, tractors, combine harvesters and other 
equipment designed particularly for the conditions under 
which they must operate are coming into use rapidly. 
In the prairie states where much wheat is produced the 
same development is much in evidence. Everywhere the 
low-cost movement is under way. 


Montana is in the race. In 1924 a group of success- 
ful tractor wheat farms being studied by the Montana 
Agricultural Experiment Station averaged 598 acres; in 
in 1925 the average size of these farms had increased to 
670 acres; in 1926 the average was 812 acres; in 1927 
when large-scale wheat farming gained its full impetus, 
it jumped to 998 and in 1928 to 1,265 acres. According to 
present plans the group of farms which averaged 1,045 
acres in 1924, will average more than 1,800 acres in 1929. 
The figures refer to land in crop and summer fallow. 

This means that the farmers are increasing their 
wheat-producing facilities per man, largely through the 
use of larger power units and adapted implements and 
equipment. The cost of wheat per acre, per bushel 
and per man is coming down. Where wheat was formerly 
produced at a cost of 10 to 12 man-hours per acre it 
is now being produced at less than 2% man-hours per acre 
on some farms in the state. 


Undoubtedly new methods and new equipment will be 
developed in the future, even at a faster rate than in 
the past. If the competition is to be met the producer 
must be on the alert for the new. It is a silent economic 
struggle; the efficient will survive; the inefficient will 
be forced out of the race. 
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Method of Calculating Number and Size of 


Tractors Required for Given Conditions 
By L. N. Aginsky’ 


Adapted for AGRICULTURAL ENGINEERING by E. G. McKibben? 


HE choice of a single tractor powerful enough (if 
‘Vane a machine is available) to do all the work on 

a certain farm under given conditions is not such a 
difficult task. In the end it amounts to choosing the 
proper implements to use with it. 

But in using a number of tractors on a large farm 
it is desirable, if not necessary, to work out a method of 
calculation which enables one to consider the variety of 
farm operations during all seasons, and to determine the 
power required without a preliminary choice of the num- 
bers and sizes of tractors and implements. This is large- 
ly due to the fact that the capacity of a given implement 
varies when being pulled by different tractors on account 
of various rates of travel. 

There are certain correlations between the area of a 
given farm, the necessary operations in a given crop pro- 
duction program, and the power required to satisfactorily 
perform these operations. These correlations must include 
the influence of crop rotation, implements available, soil, 
weather and other local conditions, skill of operators, 
ability of manager, etc. 

In this paper the author has worked out these correla- 
tions mathematically, in the form of clearly stated and 
rather convenient and easily applied equations, and has 
suggested a method of procedure in the application of 
these equations to the problem being considered. It 
is evident that, in order to make a successful appli- 
cation of these principles, it is necessary to have a rather 
complete knowledge of the local farming conditions, and 
of the power and machinery units available. In other 
words, the use of this method in no way minimizes the 
importance of the manager’s individual ability. It should, 
however, make the results of his theoretical training and 
practical experience more effective. 

Notation. Following is a list of symbols used in the 
equations with the factors they represent: 

A= Area in acres 

a = Coefficient representing the portion of the avail- 

able operating time, during which the implement 
or tractor is actually operated 

8 = Coefficient representing the portion of the normal 

power actually used in performing a given opera- 
tion or operating a given machine 

D = Draft in pounds per foot of implement width 

f = Width of implement in feet 

P» = Normal belt horsepower of tractor 

Pa = Normal drawbar horsepower of tractor 

S = Speed of tractor in miles per hour 

t = Time in hours - 

6 = Ratio of normal drawbar horsepower of tractor to 

normal belt horsepower 
W» = Belt horsepower-hours of work 
Wa = Drawbar horsepower-hours of work 
Area Performance of an Implement. The following 
equation gives the area performance of an implement: 
5280 a Sft 
A = —————- = 0.121 a Sft 
43560 
where A is the area in acres which can be worked in 
t hours by an implement f feet in width, which is operated 
at a speed of S miles per hour a portion of the time. 

From Equation 1 it is possible to develop a con- 

venient method of estimating the approximate per- 


1Agricultural engineer of the Grain Trust of the Union of 
Soviet Socialist Republics. Mem. A.S.A.E. 


2Associate professor of agricultural engineering, Iowa State 
College Mem. A.S.A.E. 


formance of any given implement. Substituting 10 for 
t and 0.826 for a ; 
A = (0.121) (10) (0.826)Sf = Sf........0..-eenee Ee 


Thus, if it is assumed that the implement is actually 
operated 0.826 of the available time (a reasonable assump- 
tion for many implements), its performance in acres 
for a ten-hour day will be equal to the product of its 
operating speed in miles per hour times its width in feet. 

Implement Requirement of an Area. Solving Equation 
1 for f 

A 8.26A 
— ik Sees 2 
0.1214 St a St 
where f is the width in feet of an implement required 
to work an area of A acres in t hours, when operated 
at a speed of S miles per hour a portion of the time. 

Power Requirement of an Implement. The following 
equation gives the power requirement of an implement: 

5280DfS 0.00267DfS 

Pag a me nce e eee eeeee 3 

(33000) (60)8 B 
where Pa is the drawbar horsepower required to operate 
an implement f feet wide, which has a draft of D pounds 
per foot of width, when it is operated at a speed of S 
miles per hour, and only f portion of the power is utilized. 

Implement Performance of a Tractor. Solving Equation 
3 for f, - 


Pf 374.5Pa8 
‘= See kk eciad as eu ee awaesics swan 
0.00267DS DS 
where f is the width of implement in feet which a tractor 
using 6 portion of its drawbar horsepower will operate 
at a speed of S miles per hour against a draft of D pounds 
per foot of width. 
Area Performance of a Tractor. The following equa- 
tion gives the area performance of a tractor: 
(33000) (60) Pa a Bt 45.45Pa a Bt 
Be nee ee eee eeees 5 
43560D D 
where A is the area in acres which a tractor using P por- 
tion of its drawbar horsepower, Pa, a portion of the time, 
will work in t hours, while pulling an implement with a 
draft of D pounds per foot of width. 
Power Requirement of an Area. Solving Equation 5 
for Pa 


AD 0.022AD 
Pa =—— eS Serres a 5.5 cid side le wie eas oi ein 6 
45.45 a Bt aBbt 

where Pa is the drawbar power required to work a farm 
of A acres in area in t hours, using B portion of its power 
a portion of the time, and operating an implement with a 
draft of D pounds per foot of width. 

Work Requirement of an Area and an Implement. Mul- 
tiplying both sides of Equation 6 by t, 

0.022DA 


w= Fat = 
aB 
where Wa is the work in available drawbar horsepower- 
hours required to work an area of A acres with an imple- 
ment which has a draft of D pounds per foot of width. 
Equations for ' Unit Performance and Requirements. 
Any one of Equations 1 to 7 may be reduced to the unit 
basis for any factor considered in the equation by substi- 
tuting unity for the proper symbol. Thus it is possible 
to convert each of the equations given into a series of 
equations, each of slightly different form, and which un- 
der certain conditions may be more convenient to use 
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Explanation of the Chart rid 
Values for the various factors QO 
in the equations are represented — 2000 
by numerical scales in the chart, g 
including the four sets of radial - 


lines and the upper part of the 
horizontal center scale. Values 


4000 


for which these factors are 
solved automatically by the 
chart are represented by the 
scales on the border of the 
chart and the lower part of the 
horizontal center scale. The 
light broken lines with arrows 


illustrate the procedure in using 
the diagram under one particu- 
lar hypothetical set of condi- 
tions, as referred to in the text. 


Horse Power per Acre 
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than the more general form which is given. Since this 
procedure can be easily handled by any engineer who is 
competent to use the type of analysis being considered, 
it seems unnecessary to include these additional equa- 
tions. Also their exclusion simplifies the text, particularly 
the symbolism required, and increases the readability of 
the article. 

Belt Horsepower. If © is the ratio of drawbar horse- 
power to belt horsepower, Pa=O0 Pp». Therefore, all the 
equations having to do with drawbar horsepower, or con- 
taining Pa, may be converted to belt horsepower condi- 
tions by substituting OP, for Pa. 

Metric System. The above equations may be changed 
to the metric system expressing! width of implement in 
centimeters, speed in kilometers per hour, area in hectares, 
draft in kilograms, power in metric horsepower, and work 
in metric horsepower-hours by substituting as follows: 

0.001 for 0.121 in Equation 1 
1000.0 for 8.26 in Equation 2 
0.0037 for 0.00267 in Equation 3 
270.0 for 374.5 in Equation 4 
0.27 for 45.45 in Equation 5 
3.7 for 0.022 in Equation 6 
3.7 for 0.022 in Equation 7 

Graphical Representation. The foregoing equations may 
be conveniently shown and used as curves, or these 
eurves may be combined into charts of various forms 
similar to that shown in the accompanying graph. The 
most desirable form of these charts and and the magnitude 
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of the scales used will of course depend upon the in- 
dividuality of the engineer using them and the conditions 
under which they are to be used. 

The use of the ehart shown can probably be best 
explained by considering an actual problem. Therefore, 
let us assume the following given information: Draft 
per foot of width, 350 pounds; width of implement, 10 
feet; speed of tractor, 2.5 miles per hour; time available, 
50 hours; portion of normal drawbar power used, 0.7; 
portion of available time used in actual operation, 0.8. 

Locate 350 on the “draft per foot of width” scale in 
the center of the chart, and following the vertical line 
te the line representing a 10-foot width, then follow the 
horizontal line to the left to the total draft scale. The 
total draft may then be read as 3500 pounds. 

From the point where the vertical line representing 
a 350-pound draft per foot strikes the line representing 
a 10-foot width, follow the horizontal to the line repre- 
senting 2.5 miles per hour; then follow the vertical line 
to the horsepower scale where the horsepower required 
for this combination of draft, width and speed is read 
as 23.3. In case only 0.7 of the normal drawbar horse- 
power is to be used, return back down the vertical line 
to the line representing a value of 8 of 0.7; then follow 
the horizontal to the line representing a value of 6 of 
1.0, and follow up the vertical to the horsepower scale; 
where the drawbar horsepower of the required tractor 
is read as 33.3. ; 

Start from the point of intersection of the line, rep- 
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resenting a 10-foot width, with the line representing a 
speed of 2.5 miles per hour; follow down the vertical to 
the heavy curved line, and follow the horizontal to the 
area per hour scale, where the answer is read as 3.025. 
In case the implement is actually operated only 0.8 of 
the available time return along the horizontal line to the 
line representing a value of a of 0.8, then follow the 
vertical to the line representing a value of a of 1.0 and fol- 
low the horizontal to the acres per hour scale; indicating 
that under these conditions the given implement will work 
only 2.42 acres per hour. 

The horsepower-hours of work per acre corresponding 

to a draft of 350 pounds per foot of width may be read 

directly from the lower of the two central scales as 

74. 

The horsepower required per acre to accomplish an 

operation having a draft of 350 pounds per foot of width 

in the actual operating time of 50 hours is obtained by 
following down the vertical from 350 pounds draft to the 
line representing an available time of 50 hours, then 
following the horizontal to the horsepower per acre scale 
where the answer is read as 0.154. In case only 

0.7 of the normal drawbar power is to be used, and the 

implement is to be actually operated only 0.8 of the 

available time, this power will be 0.7 x 0.8 or 0.56 of the 
required power. This required power is found by re- 
turning along the horizontal line to the line representing 

a value of ax®f of 1.0, then following the vertical to 

the point representing a value of ax® of 0.56, and follow- 

ing the horizontal to the horsepower per acre scale, 

where the answer is read as 0.275. 

Procedure. To determine the number and size of 

tractors and implements for a certain farm, the following 

method is recommended: 

1. Choose the crop rotation. 

2. Determine the operations it is necessary to perform, 
and the total area in acres or hectares on which 
each operation is to be performed. 

3. Determine the draft per foot or centimeter of width 
of each implement which is to be used in field work, 
and the amount of work in horsepower-hours, for 
each unit of non-field work. 

4. Choose the makes of tractors which for various 
reasons seem best fitted for the local conditions, 
and determine normal belt and drawbar horsepower, 
normal working speeds in miles or kilometers per 
hour, with corresponding drawbar pulls in pounds 
or kilograms for each tractor on every operation 
for which you expect to use it. 

5. Using Equation 4 determine for each of the chosen 
tractors what width of each implement it can pull. 
It must be kept in mind that these widths have to be 
in terms of the implements actually available on 
the market. Determine the total draft of the 
implement of each kind which you have chosen for 
each tractor. 

6. Determine the coefficient 8 (that portion of its 
power which will be used) for each tractor on each 
operation, by dividing the total draft of the im- 
plements it will pull by its normal drawbar pull. 
Determine the value of 8 for non-field work by 
dividing the power required to run a given ma- 
chine by the normal power of the tractor with 
which it will be operated. Determine for each type 
of operation the average value of B. 

7. Determine the periods or seasons for each oper- 
ation and the number of working days available 
in each period. Choose for each season and oper- 
ation reasonable working hours per day and de- 
termine the total number of hours available for 
each operation. 

8. Determine for each period and operation the co- 
efficient a, indicating the portion of available time 
spent in useful work. 

9. Summarize similar operations which must be per- 
formed in the same calendar period or season. 
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10. Work out a ealendar schedule (diagram) of all 
operations in c-der to determine overlappings in 
time. 

11. Using Equation 6 determine the power required for 
accomplishing each operation in the available time. 

12. Summarize the power required for the operations 
which must be done in the same period (over- 
lapping operations). 

13. Work out a schedule (diagram) of power required 
in succeeding periods. The peak load of this 
schedule or diagram will now indicate the required 
horsepower of tractors. If the diagram shows high 
peaks of power, it is desirable to look over all 
operations in order to choose such as do not 
absolutely have to be performed within the over- 
loaded periods, and which may be done in earlier 
or later periods. Such operations may then be 
transposed to one or the other side of the peak 
of the diagram. Sometimes when introducing 
tractors it may be a good plan to make some 
changes in the crop rotation or in the system of 
work in order to equalize the tractor load in cer- 
tain periods and thus reduce the maximum power 
required. It may be useful to introduce on the 
farm some new enterprises which could occupy 
power and labor during the time they are free 
from other work between the regular farming 
periods. 

14. Choose tractors which will be able to do all the 
necessary operations as shown in the final power 
requirement schedule or diagram of Item 13. 

15. Choose implements for each tractor using the data of 
Item 5. 

16. Make a new calculation with the tractors and im- 
plements selected to be sure that all operations 
may be accomplished in the available time. 


The most important phase of the whole problem is 
the choice of the proper size of tractor for the local 
conditions. Up to the present time this question has 
had no satisfactory solution, and in spite of the most 
careful and thorough application of a scientific analysis 
the agricultural engineer in charge will have to depend to 
a certain extent upon his good judgment. 

Large tractors have many advantages over the small 
ones. They reduce the labor requirement, and in many 
cases can be better loaded with the implements on the 
market, etc. But small tractors are sometimes preferred 
for light work, because in such cases it may be inconveni- 
ent to pull implements of sufficient width to give a large 
tractor an economical load. 

It would seem that the best results could be obtained 
with large and small tractors working together on the 
same farm, each being used for the operations to which 
it is best adapted. 


Plow Companies Cooperating in 
Corn Borer Fight 


WELVE leading manufacturers of plows are cooperat- 
‘hie with agricultural engineers of the United States 

Department of Agriculture in an effort to find out what 
types of plows are most useful‘ for destroying the corn 
borer by plowing under cornstalks and other refuse. They 
have loaned plows of more than thirty different kinds and 
sizes which are being tested in the corn-borer area near 
Toledo, Ohio. 

This group of plows ‘is one of the most interesting 
ever assembled for test in this country. They range in 
size from the old style 12-inch horsedrawn walking plow 
to the newest type of 18-inch gangs pulled by large trac- 
tors, and no two mouldboards are quite the same. Some 
turn low, sharp furrows; others lift the dirt high and 
drop it in an easy curve, and one has a power-driven 
beater to pulverize the earth as it is turned. Special at- 
tachments designed to bury the stalks more thoroughly 
have also been furnished by several manufacturers. 
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FARM building project involving an investment of 
more than $100,000 was carried out by the agricultural 
engineering department of the University of Arkansas 
during 1928. The complete project covered the design, 
construction and equipping of thirty-five buildings on the 

Arkansas Agricultural Experiment Station farm at Fayette- 
ville and on the farms of three branch stations. These 
structures ranged from small utility buildings erected at 

a cost of $125.00 to experimental and residence buildings 
representing investments up to $10,000.00. Equipment in- 
volved included heating, lighting, water supply, sewage 

disposal, plumbing and experimental machinery. 

When opportunity was offered to prepare plans and 
specifications and to excerise general supervision of the 
contracts, the work was established as an experiment 
station project in order that time might be provided to 
prepare plans, specifications, contracts, analyses of costs 
and a statement of the purposes and requirements of ex- 
periment station or large farm buildings. Plans were in 
the course of preparation for more than a year. The 
construction program was approved in May, 1928, by the 
president and board of trustees of the University of 
Arkansas and by the director of the station. 


Objectives. The purposes or objectives of this project 
were: 

1. To study the requirements of buildings for branch 
experiment stations 

2. To design the necessary buildings on the basis of re- 
quirements found 

3. To make necessary adaptations to the needs of the 
cotton, rice, and fruit and truck branch stations 

4. To prepare specifications, estimates and contracts, 
and to obtain and analyze records 

5.:To develop plans for barns, dwellings and smaller 
structures having an application also to the com- 
mercial farm. 


Requirements. Preliminary to a statement of the needs 
for the farms under consideration, a study was made of 
the buildings at a number of branch experiment stations. 
There are approximately 150 branch arid main experiment 
station farms in the United States. Correspondence with 
about 30 station superintendents indicated that the wide 
range of location, finance and purpose had prevented the 
establishment of any fixed policy. Apparently the build- 
ings on institutional farms have been designed separately 


1Professor of agricultural engineering and head of the 
department, University of Arkansas. Mem. A.S.A.E. 


An Experiment Station Building Project 
By Deane G. Carter’ 


Combined two-car garage, utility room and three-room apartment. 
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as needed. Most stations appear to have been handi- 
capped by lack of funds. The median cost on 20 sta- 
tions was $24,600.00. The median size of experimental 
farm was 185 acres. 


From other detailed statements derived from the 
study, together with the experience of our experiment 
station director, the following general requirements for 
these buildings were set up: 


1. Adaptability to the location, use, local materials and 
climatic conditions 

2. Facilities for experimental work 

3. Form a complete experimental and administrative 
unit 

4. Provision for accommodation of group meetings, 
visitors and scientific workers 

5. Come within reasonable costs limits 

6. Be practical, and serve as models of suitable con- 
struction 

7. Be reasonably permanent 

8. Be unified and harmonious 

9. Be built to a permanent plan to avoid additions 
or makeshift changes 

10. Be modern as to facilities, sanitation and experi- 
mental equipment. 


It was decided that to meet these requirements the 
farmstead plans should allow for future expansion. The 
buildings so far as possible were to be designed so that 
wings or extensions might be added in a satisfactory 
manner. A cost limit of $30,000.00 per station was set 
for construction, with not over $5,000.00 for all utilities 
and landscaping. 


Each branch station was made a self-contained unit, 
as far as possible, to include adminstration, laboratory 
facilities for technical workers, provision for group meet- 
ings and visitors, residences for the assistant director 
in charge, the foreman and laborers. For each type of 
experimental work the necessary storage and working 
space was provided. 


As a result of this study, a complete series of plans 
was drawn up, all plans being original. A number of 
the plans are entirely suitable for distribution as represent- 
ing practical farm construction. Other structures are 
more particularly for experimental farms or for ad- 
ministration. Cost figures on the entire project are re- 
corded but have not yet been analyzed completely. 


The Buildings. In the preparation of complete plans, 
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(Right) Sweet potato curing house and fruit and 
vegetable building at the Fruit and Truck Branch Station, Hope, Arkansas 
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(Left) A unit-space barn with tile and frame exterior. (Right) One of the machinery buildings 


some experimental ideas were put into effect in practical 
ways. It was possible in some cases to develop entirely 
new structures based on the requirements in mind. The 
following statements afford a summary of the type of plan, 
construction and building developed in the project. 


The man in charge will reside at the station, and 
it was the intention to provide every facility for adequate 
housing that might be possible elsewhere. The residences 
were built at the professional standard of housing, that 
is, they are six or seven room, two-story residences, 
with three bedrooms, two baths,,sun room, sleeping room, 
breakfast alcove, and basement. The construction includes 
concrete basement, frame walls with brick veneer, fire- 
proof roof, hardwood floors and sand-finish plaster walls. 
There is heat regulation, constant hot water, plumbing 
and electricity. Each house is wired for power. In 
style these houses represent conservative adaptations of 
colonial types. Each of the three is based on an original 
plan, with construction standards comparable to the best 
brick exteriors. These houses represent good, modern 
construction fitted as necessary for rural conditions. The 
cost range was from $7300.00 to $9500.00. 


The foreman’s residence is of a somewhat better than 
average small, frame one-story, four-room type. To us 
it represents a model of low-cost construction suitable 
for the farm owner of limited means. There are two 
bedrooms, kitchen, large living room, bath, dining alcove, 
clothes closets, built-in kitchen equipment, plumbing and 
electricity. The walls are plastered, woodwork enameled 
and floors sanded and finished. The total contract cost 
was $1900.00. 


Homes for workmen and tenants are not usually built 
with attention to appearance, comfort or durability. In 
the nine tenant houses constructed in this program these 
factors were emphasized. While this type of house does 
not permit of any so-called modern facilities, we provided 
tile-lined brick flues, solid foundations, composition shingle 
roof, paint, screens, insulating paper and ceiling. The 
sizes are two and four-room. When possible we included 
plain electric lights, and in, two houses water closets 
were installed. Outside water lines run to each house. 
The construction cost ranged from $600.00 for the two- 
room houses to $1200.00 and $1400.00 for the four-room 
houses. 

To eliminate small, costly and usually unsightly 
structures each tenant house is supplemented by a small 
utility house. This building matches the house in con- 
struction. The facilities provided vary, but may include 
a poultry house space for 25 hens, a ceiled-off space for 
outdoor toilet, fuel space and storage. The cost of these 
buildings varied from $125.00 to $175.00. 


It was necessary to provide a garage near the main 
residence for the director’s personal car and for the sta- 
tion car. Space was needed for housing the central water 


supply system, and quarters for tenant and caretaker 
were necessary. By providing these features in one build- 
ing it was possible to match roofing, side walls, and con- 
struction with that of other buildings at no greater cost 
than for separate, cheaper, unmatched structures. This 
building cost about $1450.00 for two car spaces, utility 
room, and a three-room apartment. 

Satisfactory administration of an experiment station, 
the reception of visitors, the keeping of records, and the 
conduct of research demand an administrative center sep- 
arate from residence or outbuildings. The office or admin- 
istration building was designed to serve these purposes. 
It was given a prominent location. A reception office and 
private office was provided, with record room adjacent. 
Connected to the offices is a laboratory wing fitted for 
scientific tests and studies. A women’s lounge and rest 
room is provided with a separate outside entrance. At 
the rear of the building are two bedrooms and bath for 
visiting technical workers. The full basement has space 
for a central heating plant, fuel room, storage, and for 
future laboratory expansion. This building has a brick 
exterior, asbestos roofing, and is well finished throughout. 


Each station is provided with a tile and frame barn, 
designed to accommodate all feed, hay, work stock and 
dairy cows. The construction and exterior is identical for 
all, but each floor plan is individual. These three barns 
and a new 50-cow dairy barn at the main station were 
planned on the 40-inch unit system described previously 
in AGRICULTURAL ENGINEERING’. 


The machinery building has a shop section at one end. 
Other portions consist of storage units, a drive-through 
section, and a large machine section, so, by the same plan, 
any extension of size can be made to meet the needs. 
The second floor may be all or partially floored; in one 
instance it serves as an auditorium for group meetings. 


The cotton building was evolved from the traditional 
gin building and adapted for experimental purposes. Stor- 
age bins for cotton seed, sack lots and baled cotton are 
included. A laboratory room and record room is provided 
and in connection is an enclosed scale house. The second 
floor is for the ginning machinery and ample space is 
allowed below for experimental machines. 


The rice building is not simply an elevator but is 
designed for sack and bin storage; seed bins; gravity 
movement of all grains; and space for cleaners, moisture 
apparatus and experimental milling equipment. 


For the fruit and truck station an insulated sweet 
potato curing house and a sky-lighted fruit and vegetable 
grading house were built to meet the requirements and 
to conform in general style to the other buildings. 


7The Unit Space Method of Barn Building, by Deane G. 
Carter, AGRICULTURAL ENGINEERING, Vol. 9, No. 9 (September, 
1928), pp. 271-273. 
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Construction. In the project it is probable that har- 
mony of construction could not have been secured except 
by the design of the whole farmstead at one time. It is 
also more economical to erect as many of the buildings 
as possible at once rather than one at a time. The plans 
were made to meet the needs of the station for many 
years ahead. Yet so far as possible they are such that addi- 
tional structures or extensions may be provided in the 
future without destroying the appearance of the buildings 
or the farmstead. 


An interesting sidelight on the building program was 
the large number of commercial products used, and the 
range of information required from the manufacturers and 
trade associations. Frequent reference was made to the 
handbooks and aids supplied by these groups in the 
handling of details and specifications. 


Both insulating paper and commercial insulation was 
used in residences, in connection with the heating sys- 
tems, and in the sweet potato storage house. Three com- 
plete heating systems were designed with the aid of a 
manufacturer of heating equipment. One trip was made 
to visit a maker of cotton ginning machinery. Reference 


ANY of the “mysterious” barn fires occurring through- 
out the rural communities of the United States along 
about harvest time are caused by “spontaneous com- 

bustion,” or “self-ignition,” of hay and other agricultural 
products, according to David J. Price of the United States 
Department of Agriculture. 


Although it was recognized centuries ago that stored 
hay, manure, and other farm products occasionally be- 
come hot enough under certain conditions to ignite, very 
little attention has been given to the problem until recent 
years. Even yet there is a dearth of scientific informa- 
tion on spontaneous combustion. 


The unusual conditions in the Vermont flooded areas, 
where the water reached the hay raows of hundreds of 
barns, offered exceptional opportunities for such studies. 
A clear-cut case of spontaneous ignition occurred near 
Middlesex, Vermont, when a barn containing 50 tons of 
hay burned while standing in three to five feet of water. 
No heating of the hay had been noticed before the flood, 
but considerable steaming was in evidence 24 hours after 
the waters had receded. The flood occurred early on Fri- 
day morning, November 4, (1927) and the water rose to 
cover the hay to a depth of 17 feet. The barn burned 
between four and five o’clock on Monday afternoon, No- 
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A building group on the rice branch station of the Arkansas Agricultural Experiment Station, at Stuttgart, Arkansas. The 
rice building is the one in the center 


in several cases was made to commercial literature for 
information on brick construction, concrete, sewage dis- 
posal, millwork, built-in equipment and plumbing. 


While it is the function of the agricultural engineer 
to make plans and designs to meet the requirements set 
up, commercial products must be utilized, and to the 
best advantage. In this connection it would appear advis- 
able that agricultural engineers, who have a considerable 
influence on the farm building and equipment program, 
should be familiar with the recommended methods and 
the aids supplied both by the manufacturer and the ser- 
vice association. 


A partial list of the commercial products used in the 
building program includes five septic tanks; three heating 
plants, each serving two buildings; nine complete sets 
of plumbing; three pressure water supply systems; com- 
plete electrical equipment; three makes of barn equip- 
ment; hollow tile, brick, concrete, steel and frame con- 
struction; three types of roofing; elevating machinery; 
cotton equipment; and miscellaneous fixtures and ma- 
terials. 


vember 7, or about two days after the waters receded. On 
Sunday morning much heating had been noticed, and on 
Monday a distinctly charred odor was observed before the 
fire started. The urgent need for extensive research upon 
“spontaneous heating” of farm products was emphasized by 
lack of scientific knowledge with which to meet the situ- 
ation in Vermont. 


In a three-year period, more than 400 barn fires in the 
Province of Ontario were investigated and the authorities 
concluded that “at least one-half of these fires have been 
directly and solely caused by spontaneous heating.” It 
appears also from these investigations that there are a 
number of good reasons for the increased number of 
“mysterious” barn fires. Many of them are closely related 
to changes in farming. The present crops, now consisting 
largely of alfalfa and clover hays, can not be properly 
cured and put in condition to be housed, as was done in 
former days with crops which consisted principally of 
timothy. The old-time custom of salting hay in the mow 
has largely disappeared, an unfortunate situation as salt- 
ing has been an accepted means of retarding combustion. 
New types of machinery also may be held responsible for 
handling the crop so rapidly that it does not have time 
to cure properly before being stored. 
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Agricultural Engineering Digest 


A review of current literature on agricultural engineering by R. W Trullinger, specialist 
in agricultural engineering, Office of Experiment Stations, U. S. Department of Agriculture. 
Requests for copies of publications abstracted should be addressed direct to the publisher. 
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The ‘Economic Limit of Pumping for Irrigation, W. L. Pow- 
ers (Oregon Station (Corvallis) Bulletin 235 (1928), pp. 48, figs. 
30).—Studies are reported which show that the soils best suited 
to supplemental irrigation in the Willamette Valley of Oregon 
are those that are free working. Crops found to give best 
response to supplemental irrigation in the Valley are the truck 
crops, crops grown for intensive dairying, and row crops that 
make their maximum growth late in the season. Potatoes and 
beans have been found to give large returns from irrigation. 
Data are given on the available water supply and the types of 
pumping equipment best adapted for use in the Valley. 


Drainage Record and Ground Water Movement (Florida Sta- 
tion (Gainesville) Report 1927, pp. 114-117, fig. 1).—Data on the 
control of ground water level in Everglades soils are presented 
and briefly discussed. 


The Elements of Hydrology, A. F. Meyer (New York: John 
Wiley & Sons; London: Chapman & Hall, 1928, 2. ed., rev., pp. 
XV + 522, figs. 313).—This is the second revised edition of 
this book. It contains the following chapters: The atmosphere 
—its temperature, pressure and circulation; water—its various 
states and their properties; precipitation—its occurrence and 
distribution; evaporation from water surfaces; evaporation from 
land areas; transpiration; deep seepage; run-off; stream-flow 
data; supplementing stream-flow data; modification of stream 
flow by storage; and note to teachers of hydrology. 


Run-Off Water Losses in Relation to Crop Production (Texas 
Station (College Station) Report 1927, pp. 58, 59, 97, 98).—The 
progress results of this study indicate that one of the most im- 
portant factors concerned in the loss of run-off is the rapidity of 
the fall of water. The physical condition of the land is apparent- 
ly an important factor in the water loss. There seems to be 
a considerable difference in the losses from lands under dif- 
ferent crops. Results indicate that milo is more efficient in 
this respect than cotton early in the season, depending probably 
upon the extent to which the crop is taking water from the soil. 


Irrigation of Small Grain, W. W. McLaughlin (U. S. De- 
partment of Agriculture, Farmers’ Bulletin 1556 (1928), pp. 
11 + 14, figs. 5).—This bulletin is a revision of and super- 
sedes Farmers’ Bulletin 863. 


Pump Irrigation Results, H. E. Weakly and L. L. Zook 
(Nebraska Station (Lincoln) Bulletin 227 (1928), pp. 12, figs. 
3).—This bulletin reports certain results secured by pump 
irrigation at the North Platte Substation. The chief crops 
irrigated were corn, potatoes, alfalfa, Sudan grass pasture, 
and forage sorghum. These crops were grown in fields from 1 
or 2 up to 10 acres in size. The work was conducted on 1/10- 
acre plats. The data are reported in tabular form. 


The Development of Water Supplies for Irrigation in Nevada 
by Pumping from Underground Sources, F. L. Bixby and G. 
Hardman (Nevada Station (Reno) Bulletin 112 (1928), pp. 38, 
figs. 16).—This bulletin presents general information concerning 
the pumping of water from wells for irrigation in southern 
Nevada. The material is not technical in character, being more 
a statement of the general principles governing the development 
of underground water supplies. 


The Possibilities of Power Alcohol and Certain Other Fuels 
in Australia, G. A. Cook (Council of Science and Industrial 
Research (Melbourne) Bulletin 33 (1927), pp. 106).—This 
study brings out the fact that, as regards fermentation 
power alcohol, Australia appears to be in much the same 
position as most other countries in that the necessary raw 
materials are in general too valuable as foodstuffs to permit 
of their use for distillation. It appears, however, that in 
certain parts of Australia raw materials could be produced 
at such a cost as would enable any alcohol distilled from them 
to compete with gasoline, particularly if such alcohol were 
marketed in the areas of production. 

This consideration of the cost of raw materials applies more 
to cereals than to tubers. In fact, in some Australian localities 
the fermentation of certain varieties of tubers is commercially 
attractive. Cassava, Arrowroot, sweet potatoes, and beets are 
worthy of consideration in this connection. It is thought 
questionable whether fermentation alcohol can completely solve 
the national fuel problem. 

As regards synthetic methods, it appears that neither the 
ethylene nor the acetylene processes have much hope of com- 
mercial success in Australia. 


The Combine, J. G. Taggart (Canada Experimental Farms, 
Swift Current (Sask.) Station Report Supplement 1927, pp. 
18-23, fig. 1).—The results of experiments with the combine dur- 
ing 1927 are briefly reported. It was found that in general 
the combines worked well in heavy, lodged crops. Crops that 
were partially destroyed by hail or frost were harvested 
economically by the combine when otherwise the cost of har- 
vesting and threshing would have amounted to more than the 
gross return. 


In experiments with a heavy crop with a rank growth of 
straw which was twisted, tangled and lodged, the combine- 
harvested portion yielded 36.02 bushels per acre and the binder- 
harvested portion 30.3 bushels. With a crop which was short, 
thin, and low, due to the ravages of wireworms, it was im- 
possible to harvest cleanly with the combine. 

A study of experience with 770 combines in western Canada 
during 1927 showed that unfavorable weather was the principal 
factor interfering with the continued operation of the combine. 

The most noteworthy development in the use of the combine 
was the introduction of the swather attachment. The object 
of this attachment is to eliminate a portion of the waiting 
period between binder harvesting and combine harvesting. The 
crop is cut and laid in swaths, each of which contains the 
straw and heads of a strip from 16 to 24 feet wide. The 
cutting mechanism may be either the combine knife and a table 
or one or more headers. Threshing is performed by means of 
the combine equipped with a special pick-up device. 

It was found that a crop containing a quantity of green 
weeds could be better harvested by the swather than by the 
straight combine. 


.Some Power Problems of the Farm, J. M. Smith (Alberta 
University, (Edmonton) College Agricultural Bulletin 17 (1928), 
pp. 40, figs. 24).—An outline is given of power problems of 
the farm, including discussions of horsepower, brake and draw- 
bar horsepower, sizes and speeds of pulleys, and belt lacing. 


[Agricultural Engineering Studies at the Arkansas Station], 
H. T. Barr, B. S. Clayton, and D. G. Carter (Arkansas Sta- 
tion (Fayetteville) Bulletin 231 (1928), pp. 8-10).—Progress data 
are presented from investigations on plow drafts, dynamometer 
design, pumping plants for rice irrigation, durability of posts 
and farm building design. 

The results of 500 plow draft tests over a period of two 
years led to the conclusion that the draft per square inch of 
furrow section is inversely proportional to the depth of cut 
and to the width of plow bottom. 

In the post experiments it was found that after five years 
galvanized steel posts showed no injury; black metal posts, 
painted, showed increased rusting and some pitting below 
ground. Pressure treated pine posts showed no decay. Butt- 
treated, unseasoned oak posts apparently were not improved 
by treatment, as 62 per cent were unfit for use after four 
years. Cured native oak posts, given a 24-hour butt treat- 
ment in hot and cold bath creosote failed 3.1 per cent at five 
years, 16.8 per cent at six years, and 28.06 per cent at seven 
years. At the end of two years small treated post specimens 
showed slight fungus growth and termite action, while un- 
treated checks showed 7.7 per cent complete failure and ap- 
proximately 33 per cent some decay or termite damage. 

In a stuay of barns and barn plans it was found that a 
lengthwise unit distance of 40 inches in multiple, or fractional 
parts met practically every animal and storage need for farm 
barns. The unit space adopted affords a highly flexible plan 
arrangement for individual needs. 

A comparison of commercial house plans with Arkansas 
farm homes indicated that the commercial plan meets with 
needs of rural conditions so far as construction, finish, sanita- 
tion, and utilities are concerned, but certain modifications of 
plans are necessary if the commercial plan is to meet rural 
needs. Based upon Arkansas conditions, the principal modifi- 
cations appear to be more.emphasis on the one-story house, 
larger kitchens, fewer and larger rooms, smaller total area, 
more work-porch area, and direct entrance to the kitchen 
from the outside. 


Tractive Resistance of Automobiles and Coefficients of Fric- 
tion of Pneumatic Tires, T. R. Agg (Iowa Engineering Experi- 
mental Station (Ames) Bulletin 88 (1928), pp. 60, figs. 50).— 
Studies conducted in cooperation with the U.S.D.A. Bureau of 
Public Roads are reported. The results indicate that there is no 
great difference in the tractive resistance of any particular 
vehicle on various road surfaces that are reasonably smooth 
and hard. Paved surfaces in good repair do not give as wide 
a range of variation in tractive resistance as do the inter- 
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mediate and low types, nor does the tractive resistance on 
pavements reach as high maximum values as those determined 
for some of the low and intermediate types. 

The high tractive resistance of mud is due in part to the 
necessity of squeezing the mud away from the tire as it rolls 
through the soft surface layer and in part to a certain spring- 
iness of the whole road crust. 

The yielding of the foundation under ‘the load, where there 
is a spongy subgrade under a thin road crust, has been found 
to add approximately 50 per cent to the tractive resistance 
at a speed of 20 miles per hour. This condition is perhaps 
of no great consequence so far as light vehicles are concerned, 
but is a very important one from the standpoint of the truck 
and bus operator. On a road in this condition fuel consumption 
will be markedly greater than on the same road when the 
foundation is stable and unyielding, as it is when dry. 

Rough surfaces of a given type generally have a higher 
tractive resistance than smooth surfaces of the same type. 
There is a tendency for the tractive resistance curves on 
certain varieties of roughness to drop at the higher speeds. 
In some instances they even cross those for smooth surfaces. 
In other instances the tractive resistance curves for rough 
surfaces are at all speeds higher than the corresponding curves 
for smooth surfaces. 

The difference in behavior on different rough surfaces seems 
to be due to the effect of the resiliency of the tire and spring 
system. With a certain type of recurring roughness the wheel 
bounds in such a manner that the tire is partly off the road 
surface for appreciable time intervals and the distortion of 
the tire and the power loss therein reduced below that of a 
smooth surface as the air pressure in the tires is lowered 
the tractive resistance increases. Laboratory tests indicate 
that rolling resistance decreases with an' increase in the tem- 
perature of the tires. 


.Stream Pollution in Wisconsin (Madison: Wisconsin State 
Board of Health, Bureau of Sanitation Engineers 1927, pp. 
XVIII + 328).—The results of the activities of the con- 
servation commission and the State Board of Health of Wis- 
consin in the control of stream pollution from July 1, 1925, 
to December 31, 1926, are presented in this report. 

Experiments and data collected in regard to the treatment 
of industrial wastes indicate that the application of 3.25 pounds 
of ferrous sulfate and 7.25 pounds of lime per thousand 
gallons of waste, followed by satisfactory sedimentation, will 
reduce the oxygen demand of pea cannery wastes approximately 
75 per cent. The initial cost of installing the necessary equip- 
ment for this treatment ranges from $2,000 to $2,800 for a 
two-line cannery and the cost of operation from $13 to $15 
per day. The installation of suitable seveall equipment will 
economically reduce the waste of paper making material to 
approximately 0.5 pounds per 1,000 gallons of waste. Aeration 
and impounding of sulfite liquor from sulfite mills will reduce 
the oxygen demand 50 to 75 per cent. 

Experiments in the chemical treatment of pea cannery 
wastes preliminary to entering the sewer system at Ripon, 
demonstrated that the removal of the coagulated solids at the 
cannery is essential to prevent overloading of the local sewage 
disposal plant during the canning season. Investigations in 
the preliminary treatment of knitting mill wastes at Ripon, 
indicated that lint and greasy constituents, which interfere 
with the normal operation of the sewage disposal plant, can 
be removed by fine mechanical screening and ferrous sulfate 
and lime treatment. 

Sewage and industrial waste treatment experiments at Wau- 
pun indicated that preliminary sedimentation, chemical treat- 
ment and aeration at the sewage disposal plant would yield 
a satisfactory effluent. 

Detailed data from chemical and biolcgical surveys of streams 
are also presented. 


Research in Mechanical Farm Equipment, H. B. Walker (U. 
S. Department of Agriculture, Miscellaneous Publication 38 
(1928), pp. III + 43, figs. 2).—This report presents the re- 
sults of a survey of research in mechanical farm operating 
equipment conducted by the Bureau of Public Roads in co- 
operation with the American Society of Agricultural Engineers 
and the National Association of Farm Equipment Manufac- 
turers. 


A large amount of data is presented on research work in 
progress in mechanical farm equipment and on the funds and 
personnel devoted thereto. Special attention is drawn to the 
organization available for work of this nature, and it is stated 
that the assistance of the Office of Experiment Stations in 
the development of comprehensive and coordinated research 
programs is essential for the maintenance of high standards 
of investigation in this work. Seven appendixes are included, 
giving general outlines for projects on the measurement of 
soil tilth and for a cooperative study in farm machinery for 
the southern states, the status of projects and problems already 
being considered by different agencies, and data on the distri- 
bution of funds and personnel for agricultural engineering re- 
search in the United States for the year July 1, 1926, to June 
30, 1927. A brief bibliography is included. 


Note on the Effect of Repeated Stresses on the Magnetic 
Properties of Steel, M. F. Fischer (U. S. Department of Com- 


Vol. 10, No. 5 


merce, Bureau of Standards, Journal of Research, Vol. 1 (1928), 
No. 5, pp. 721-732, pl. figs. 11).—Studies with one per cent 
carbon steel drill rod and 0.13-per cent carbon, cold-rolled 
machinery steel showed that the magnetic changes produced 
by repeated strésses above the endurance limit are not of a 
type which can be associated with the characteristic effect of a 
crack transverse to the direction of magnetization. The 
similarity of the observed magnetic changes with those brought 
about by the removal of externally applied static stresses in- 
dicates that the observed changes may be produced by the 
partial relief or redistribution of initally existing internal 
stresses. The fact that the magnetic changes brought about 
by understressing are of a similar character though less in 
magnitude suggests that some of the beneficial effect of under- 
stressing may be due to partial stress relief. 


{Agricultural Engineering Studies at the Mllinois Station] 
(Illinois Station (Urbana) Report 1928, pp. 234-253, figs. 5).— 
The progress results of experiments on the agricultural use of 
electricity and the use of big hitches, gas engine lubrication, 
operation of a general-purpose tractor, corn borer control by 
machinery, terracing drainage of tight clay soils, combining 
practice and corn drying are reported. 


It was found that where conditions favor the use of large 
teams, the hitches and methods of driving that have proved 
practical in grain farming sections of the West and North- 
west are also satisfactory under Illinois conditions. 


In gas engine lubrication studies there seemed to be a close 
relation between the ability of an oil to resist crankcase 
dilution and the number of hours it can be used in an engine. 


In drainage experiments it was found that the tile laterals 
must be spaced reasonably close for quick drainage in the tight 
clay soils of southern Illinois. Tests of the use of heated 
air in corn drying showed that a drying temperature of 120 
degrees (Fahrenheit) did not lower the germination percent- 
age of the corn, but that a temperature between 140 and 150 
degrees materially decreased germination. For practical pur- 
poses in the drying of corn for livestock feeding there appears ta 
be no objection to a drying temperature as high as 150 degrees. 


The Correct Explanation for the Heaving of Soils, Plants, 
and Pavements, G. J. Bouyoucos and M. M. McCool (Journal 
of American Society of Agronomy (Geneva, N. Y.) 20 (1928), 
No. 5, pp. 480-491, figs. 7).—Studies conducted at the Michigan 
Experiment Station are reported which indicate that the heaving 
of soils, plants, and pavements is caused almost entirely by 
the drawing or accumulation of water on freezing at or near 
the surface by the force of crystallization. ‘‘This frozen water 
grows upward in the form of massive capillary ice columns, 
pillars, ridges or solid sheets of ice. As water is pulled or 
drawn to the points of freezing and as these different forms 
of ice grow upward, they push upward. This a general funda- 
mental principle and, in one modification or another, under- 


lies nearly all the phenomena of heaving of soils, plants and 
pavements.’’’ 


Accelerated Laboratory Corrosion Test Methods for Zinc- 
Coated Steel, E. C. Groesbeck and W. A. Tucker (U. S. 
Department of Commerce, Bureau of Standards Journal of Re- 
search, 1 (1928), No. 2, pp. 255-295, pls. 14, figs. 6).—A com- 
parative study is reported of the merits of two types of 
accelerated laboratory methods for evaluating the indicated life 
of the coating on hot-dip zinc-coated sheet steel. 


The two methods studied were the simulated atmospheric 
corrosion, using a moist gaseous mixture of sulfur dioxide, 
carbon dioxide and air, and the spray, using normal solutions 
of sodium chloride and ammonium chloride separately. <A 
consistent relationship between the “‘life’’ and weight of the 
coating was shown by the results. The time required for the 
breaking down of the coating was considerably less for the 
first method than for the second. The coating was corroded, 
in the first method, in a progressive manner over the entire 
surface and similar to that reported for galvanized materials 
corroded in the atmosphere under service conditions, and in 
the second method, in a local and capricious manner. The pres- 
ence or absence of about 2/10 of 1 per cent copper in the steel 
base produced no apparent effect on the results. Tests were 
also made on specimens which had been annealed for the 
purpose of converting the zinc coating into an iron-zinc alloy. 


“The American Society of Heating and Ventilating Engi- 
neers Guide” for 1929 is the seventh edition of a highly complete 
technical and professional guide to heating and ventilating 
engineering. It contains a text or technical data section, with 
index; manufacturers catalogue data section, with index; con- 
sulting service section; roll of membership of the Society; and 
a code of ethics for engineers. Of the thirty-four chapters in 
the technical data section, those on chimneys, fan furnace 
heating, central heating systems, heat exchangers, laundry, 
kitchen and hospital equipment, and fans for heating and ven- 
tilating, are new. Amplified information on heat losses from 
buildings, radiators and heaters, steam heating systems and 
piping, heating boilers, ventilation standards, methods of dry- 
ing and natural ventilation, is also provided. There are more 
than 900 pages and many illustrations. The A.S.H.V.E. (New 
York) publish the book and price it at $5.00. 
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Who’s Who in Agricultural Engineering 


D. G. Miller 


W. B. Clarkson 


E. W. Lehmann Ss. P. Lyle 
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D. G. Miller 


Dalton Giles Miller (Mem. A.S.A.E.) is senior drainage 
engineer with the Division of Agricultural Engineering, 
U.S.D.A., and is in active charge of a cooperative state 
and federal drain tile testing and research laboratory at 
University Farm, St. Paul, Minnesota. He received his 
bachelor’s degree in civil engineering from the University 
of Iowa in 1905. Soon after he took up drainage work 
with the U. S. Department of Agriculture and has been at 
it ever since. The work has taken him to various parts 
of the country on important assignments. He was one 
of the pioneers in studying and advocating the drainage 
of irrigated land. For several years he was stationed in 
Colorado, and while there incidentally served as consult- 
ing engineer for the first organized drainage district to 
construct a drainage system under the laws of that state. 
Since 1921 he has been located in Minnesota in his pres- 
ent capacity. His work on the effect of alkalies on the 
curing and strength of concrete is particularly well known. 
He is author of a number of bulletins and technical papers 
on various phases and results of his work. A member 
of the Society since 1925, he is chairman of its Committee 
on Ethics. 


W. B. Clarkson 


William B. Clarkson (Mem. A.S.A.E.) is vice-president 
and manager of the scientific and experimental depart- 
ment of the King Ventilating Company, ventilating engi- 
neers and manufacturers of ventilating systems. He is 
one of the men who has risen to high executive and 
scientific position in his field through experience and self- 
schooling. During his youth he spent four years in the 
U. S. Navy, starting in as an apprentice boy and receiving 
his honorable discharge as an able seaman. Leaving the 
seafaring life he became associated with a farm machinery 
business and began his development as an agricultural 
engineer. After thirty years in this business he joined 
his present associates in the development of the King 
Ventilating Company. When he became affiliated with the 
Society in 1916 he immediately showed an active interest 
in its farm structures work. He suggested and was first 
chairman of its Committee on Ventilation. As such he 
induced Dr. H. P. Armsby to write an article the subject 
of heat given off by cattle, and was influential in getting 
the U.S.D.A. to put a man on barn ventilation research. 
He has contributed several technical papers on the sub- 
ject of ventilation and has also served as a vice-president 
of the Society. 


E. W. Lehmann 


Emil Wilhelm Lehmann (Mem. A.S.A.E.), a past-presi- 
dent of the Society, is professor and head of the depart- 
ment of farm mechanics at the University of Illinois. 
Some steps in his rise to his present position include re- 
ceiving a bachelor’s degree in electrical engineering at 
Mississippi A. & M. College; three years as instructor in 
physics at the A. & M. College of Texas; receiving a pro- 
fessional degree in electrical engineering at the A. & M. 
College of Texas in 1913; a fellowship and bachelor’s de- 
gree in agricultural engineering at Iowa State College 
in 1914; positions at the same institution until 1916 as 
instructor and assistant professor; four years, 1916-1920, 
as head of the newly organized agricultural engineering 
department at the University of Missouri; receiving a 
professional degree in agricultural engineering in 1919 
at Iowa State College; and one year as agricultural 
engineering editor of “Successful Farming.” Following 
the latter position he made his present connection with 
the University of Illinois in 1921. He has served as chair- 
man and member of many committees of the Society since 
he became a member in 1916; was its president for the 
year 1923; and is at present a member of the College 
Division Advisory Committee. 


S. P. Lyle 


Samuel Patterson Lyle (Mem. A.S.A.E.) is professor 
and head of the division of agricultural engineering at 
Georgia State College. After graduating from high school 
he farmed for several years and served as pilot in the 
U. S. Air Service for about two years during the war, be- 
fore entering college. He received his bachelor’s degree 
in agricultural engineering at Kansas State Agricultural 
College in 1921; was granted a teaching fellowship at 
Iowa State College; became affiliated with the Society; in 
1922 was granted his master’s degree by Iowa State Col- 
lege; and accepted a position as head of the department 
of agricultural engineering at the State Agricultural School, 
Jonesboro, Arkansas. After two years there he left to 
take up his present work. His recent activities in the 
Society include serving as chairman of the Southern Sec 
tion in 1928, and at present, as chairman of the Committee 
on Student Branches, member of the College Division 
Advisory Committee, member of the Southern Section 
Committee on Cooperative Machinery Experiments, and 
one of the representatives of the Society on the Joint Com- 
mittee on Fertilization Application. 
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AGRICULTURAL 
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Established 1920 


A journal devoted to the advancement of the theory 
and practice of engineering as applied to agriculture 
and of the allied arts and sciences. Published monthly 
by the American Society of Agricultural Engineers, 
under the direction of the Publications Committee. 

PUBLICATIONS COMMITTEE 
_ J. B. Davidson, Chairman 
G. W. Iverson. . P. S. Rose 
BF. A. Wirt sce: R. W. Trullinger 

The Society is not responsible for the statements 
and opinions contained in the papers and discussions 
published in this journal. They represent the views of 
the individuals to whom they are credited and are not 
binding on the Society as a whole. 

Contributions of interest and value, especially on 
new developments in the field of agricultural engineer- 
ing, are invited for publication in this _—— Its 
columns are open for discussions on all phases of 
agricultural engineering. Communications on subjects 
of timely interest to agricultural engineers, or com- 
ments on the contents of this journal or the activities 
of the Society, are also welcome. 

Original articles, papers, discussions, and reports 
may be reprinted from this publication, provided proper 
credit is given. 


RAYMOND OLNEY, Editor 
R. C. Palmer, Assistant Editor 


-- The General-Purpose Tractor 


HIE standard farm tractor, characteristically a power 

unit for the large farm, has exerted a great influence on 

agriculture, particularly during the few years just past. 
The general-purpose tractor, however, is hailed as a power 
unit for the small farm. What may be its effect on agri- 
culture? 


Two principles are involved: (1) In any particular 
industry a machine influences the marginal size of pro- 
duction unit in the direction of the point in size at which 
its contribution to production is marginal. The extent of 
the influence depends upon the relative importance of 
the machine in the operations of the industry concerned. 
(2) Profits provide the means and incentive for expansion 
of the profit-making enterprise and result in increased 
production and competition in the industry of which the 
enterprise is a unit. 


One hundred acres is about the minimum size of unit 
on which the use of the standard farm tractor is profita- 
ble. Its use has generally resulted in increased profits 
on farms of one hundred acres or larger; stimulated the 
profit-making farmers to increase the scale of their 
operations; resulted in increased farm production; and 
favored large-scale farming. This is particularly true in 
the sections devoted principally to small grains, because 
most of the farms were larger than one hundred acres 
and because the standard farm tractor met a large share 
of their power requirements. Obviously it made matters 
worse for the one and two-horse farmers. 


The general-purpose tractor promises to prove profit- 
able on farms as small as fifty acres. Assuming this to 
be the marginal size unit for general-purpose tractor 
operation, its influence then will be toward establishing 
fifty acres as the marginal size of farm unit. It will give 
the man with between fifty and one hundred acres a 
fighting chance to compete with larger farms; to make 
a profit; and to increase the scale of his operations. For 
the man with less than fifty acres it also must make 
matters worse, except as it may place his neighbor with 
more land in the market for his farm. 


Two facts suggest that the indicated influence of the 
general-purpose tractor will be even more widespread 
and greater in extent than that of the standard farm 
tractor. As its name indicates, it meets a larger variety 
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of farm power requirements. This extends its field of 
usefulness to practically all types of farms and to im- 
portant power operations new to tractors, particularly 
the cultivation of row crops. Also the number of farms 
between fifty and one hundred acres in size is much 
greater than the number of larger farms and the total 
acreage represented is greater. We may therefore look 
forward to the general-purpose tractor—the small farm 
tractor—exerting an even greater influence than the 
standard farm tractor toward an increase in the size of 
farm enterprises. 


Meeting A Demand 
HE commercial and industrial fields have always, to 
"Bae extent, drawn upon the colleges for agricultural 

engineers to fill positions in engineering, sales and other 
departments. The rate at which this has been going on 
recently, however, has been such as to give rise to con- 
siderable comment. 

It is an interesting and significant trend. It is an un- 
mistakable indication that the agricultural engineering pro- 
fession is moving ahead. The peculiar qualifications of our 
agricultural engineers are being more and more recognized. 
Moreover, their success in the new fields will create a still 
greater demand for the product of the colleges. It will 
also have a tendency to bring about closer cooperation be- 
tween industry and the educational institutions, a thing to 
be encouraged. 


This development is not making the task of the heads 
of the agricultural engineering divisions less difficult. 
Finding properly qualified personnel to replace key men 
is a big problem, especially when available material is 
scarce. In many cases it resolves itself into a task of 
training promising young men to fill positions left vacant. 

In addition to this situation the demand for agricul- 
tural engineering graduates is rapidly increasing; in fact, 
it is only beginning. To meet this demand for competent, 
properly trained agricultural engineers is a problem to 
which the entire profession might well give most serious 
attention. It is clearly the job of our profession to meet 
this need—and it is to our advantage that the product be 
of the best. 


Specialization of Labor 


ONSIDERATION of possibilities for increasing 
efficiency always suggests the question of special- 
ization of labor. In agriculture how and to what 
extent specialization should be applied is naturally a 
subject of debate at this time. 
The first big step in this direction is specialization 
of the functions of labor and management. On the ma- 
jority of farms today the farmer is necessarily both 
his own manager and a large share of his labor. 


It is undeniably true that good management is es- 
sential to success in any business enterprise. Management 
is more highly rewarded than labor, because one man 
as a manager can contribute more to the success of 
a business than he can as a laborer, and because manager- 
ial ability is scarcer than labor. 


Under these conditions it follows that the man with 
managerial ability can spend his working hours to best 
advantage in managing. It is also generally true that 
labor will be used most efficiently and earn the highest 
remuneration under the best management it can find. As 
for those who have some managerial ability but who are 
not capable of general management, they may expect 
to be most useful and earn the highest rewards as sub- 
managers, superintendents or foremen, in well-managed 
enterprises. 


Specialization along these lines is going hand in hand 
with engineering progress in contributing to the increased 
efficiency of agriculture. The necessary economic and 
social reorganization is taking place as rapidly as capable 
farm managers can be developed. 
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A.S. A. E. and Related Activities 


MT ULL nS 


TENTATIVE PROGRAM | 


Twenty-Third Annual Meeting of the American Society of Agricultural Engineers 
Baker Hotel, Dallas, Texas, June 24-27, 1929 


First Day — Monday, June 24 


Forenoon—9:30 to 12:00—College Division Session 
E. R. Jones, acting chairman, presiding 

1. Report of Committee on the Advancement of Agricultural 
Engineering Training, Q. C. Ayres, chairman 

2. Report of Committee on teaching methods, F. R. Jones, 
chairman 

3. Report of Committee on Farm Mechanics in Secondary 
Schools, J. G. Dent, chairman 

4. “Farm Shop Contests’’—M. F. Thurmond, assistant pro- 
fessor of agricultural engineering, A. & M. College of 
Texas 


Afternoon—2:00 to 4:00—College Division Session 
E. R. Jones, acting chairman, presiding 
1. Report of Committee on Agricultural Engineering Exten- 
sion, L. A. Jones 
2 Report of Committee on Farm Machinery Instruction, H. 
T. Barr, chairman 
Report of Committee on Cooperative Relations, F. C. 
Fenton, chairman 
“Preparing for Greater Self-Sufficiency on the Farm’’— 
E. R. Jones, professor of agricultural engineering, Uni- 
versity of Wisconsin 


» 


Evening—8 :00 
1. Council meeting 


Second Day — Tuesday, June 25 


Forenoon—9 :30 to 12:00—General Session 
Wm. Boss, president, presiding 

1. Meeting calledito order by Dan Scoates, chairman, 1929 
Meetings Committee 
The President’s Annual Address—William Boss, chief, 
agricultural engineering division, University of Minne- 
sota 
3. ‘Soil Erosion and Water Conservation Facts from the 
Spur (Texas) Experiment’’—R. E. Dickson, superin- 
tendent, Substation No. 7, Texas Agricultural Experi- 
ment Station 
“Soil Erosion and Water Conservation Facts from the 
North Carolina Experiment’’—F. O. Bartel, associate 
drainage engineer, U. S. Department of Agriculture. 
Discussion led by I. D. Wood, extension agricultural 
engineer, University of Nebraska, and H. H. Bennett, 
Bureau of Chemistry and Soils, U. S. Department of 
Agriculture 


to 


~ 


Afternoon—2:00 to 4:00—General Session 
Geo. S. Knapp, first vice-president, presiding 

1, ‘-The Federal Soil Erosion Projects’’—C. E. Ramser, 
senior drainage engineer, U. S. Department of Agricul- 
ture 

“The Problem of Silt in Streams and Reservoirs in Texas”’ 

—John A. Norris, chairman, State Board of Water 
Engineers 

3. “Roadside and Hillside Protection Against Erosion’’—W. 
H. McPheeters, agricultural engineer, Portland Cement 
Association 

4. ‘‘The Banks Interest in Soil Erosion’’—A. K. Short, soil 
conservation agent, Federal Land Bank of Texas 

5. “Promoting Terracing work in the Southwest’’—M. R. 
Bentley, extension agricultural engineer, A. & M. College 
of Texas. Discussion led by G. E. Martin, extension 
agricultural engineer, Oklahoma A. & M. College 


Evening—8 :00—Annual Business Meeting 


Third Day — Wednesday, June 26 


Forenoon—9:30 to 12:00—General Session 
Wm. Boss, president, presiding 
1. ‘“‘The Development of the Mechanical Cotton Picker’’— 
(Speaker to be selected) 
2. “The Cotton Stripper and Its Problems’’—D. L. Jones, 
superintendent, Substation No. 8, Texas Agricultural 
Experiment Station 


3. ‘The Cotton Breeder and the Mechanical Harvesting of 
Cotton’’—D. L. Killough, agronomist (cotton breeding), 
A. & M. College of Texas 

4. ‘“‘The Gins and Present Day Cotton Harvesting’’—(Speaker 
to be selected) 


Afternoon—2:00 to 4:00—General Session 
1. ‘‘Suggestions on the Construction and Operation ef Dairy 
Farm Cooling Plants’’--B. D. Moses, assistant professor 
of agricultural engineering, University of California 
“The Mechanical Cooling of Homes’’—W. E. Brown, 
Frigidaire Corp. 

3. ‘‘Some New Ideas in Farm House Design’’—D. G. Carter, 
head, department of agricultural engineering, University 
of Arkansas 

4. ‘‘Where Are We Today in Agricultural Engineering?’’— 
Arthur Huntington, public relations engineer, Iowa 
Railway & Light Corporation 


Evening—7 :00—Annual A.S.A.E. Dinner 


to 


Fourth Day — Thursday, June 27 


Forenoon—8:00 to 12:00—Field Demonstrations and Inspection 
Trips 


Afternoon—2:00 to 5:00—Technical Division Sessions 
POWER AND MACHINERY DIVISION PROGRAM 


R. U. Blasingame, acting chairman, presiding 
1. ‘‘Research in Power and Machinery, 1928’’—R. W. Trull- 
inger, agricultural engineer, Office of Experiment Sta- 
tions, U. S. Department of Agriculture 
“Results of Recent Cotton Drying Experiments’’—C. A. 
Bennett, associate mechanical engineer, U. S. Depart- 
ment of Agriculture 
3. Planning Division Program of Activities—Discussion led 
by H. E. McCray, C. O. Reed and P. S. Rose 
4. Discussion of December Meeting Program of Division— 
Led by G. W. Iverson, A. P. Yerkes and H. B. Walker 


RURAL ELECTRIC DIVISION PROGRAM 


E. A. Stewart, chairman, presiding 

1, ‘‘Model Farms as Operated by Utility Companies’’—Richard 

Boonstra, agricultural engineer, Public Service Corpera- 

tion of Northern Illinois 

“The National Project on Rural Electrification’’—Geo. 

W. Kable, director 

3. ‘‘The Future Place of Electricity in Agriculture’’—Arthur 
Huntington, public relations engineer, Iowa Railway and 
Light Corporation 

4. “Building a Rural Load in the South’’—C. T. Gilliam, 
Central Power & Light Company 

5. ‘Rural Line Construction in Texas’’—J. B. Thomas, Texas 
Power & Light Company 

6. ‘Research in Rural Electrification, 1928’’°—R. W. Trul- 
linger, agricultural engineer, Office of Experiment Sta- 
tions, U. S. Department of Agriculture 

7. “The Portable Motor and Its Use’’—W. D. Hemker, agri- 
cultural engineer, Wisconsin Power & Light Company 

8. ‘‘Latest Recommendations on Farm Wiring’’—H. S. Hin- 
richs, rural service engineer, Kansas Power and Light 
Company 

9. ‘‘The Field for the Individual Electric Light Plant’’—J. R. 
Golden, Northwestern sales manager, Matthews Engi- 
neering Company 

10. ‘‘Development and Use of the Wind Electric Plant’’— 
George Manikowski, president, Wind Electric Com- 
pany 

11. Report of Committee on Nomenclature and Standard 
Practice, B. D. Moses, chairman 

12. Future Program of Activities of the Division—E. E. Brac- 
kett, vice-chairman 


LAND RECLAMATION DIVISION PROGRAM 


Q. C. Ayres, chairman, presiding 
1. “Drainage by Pumping from Wells’’—W. W. Weir, in 
charge, drainage investigations, University of California 
“Flow of Water in Conduits’’—F. C. Scobey, senior irriga- 
tion engineer, U. S. Department of Agriculture 
3. ‘Rice Irrigation on the Grand Prairie of Arkansas’’—B. 
S. Clayton, associate drainage engineer, U. S. Depart- 
ment of Agriculture 
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AGRICULTURAL ENGINEERING 


. Report of Committee on Run-Off from Agricultural Lands 
—C. E. Ramser, chairman 
Report of Committee on Land Clearing—A. J. McAdams, 
chairman 
Report of Committee on Drainage in Humid Regions—J. 
W. Carpenter, Jr., chairman 
“Research in Land Reclamation, 1928’’—R. W. Trullinger, 
agricultural engineer, Office of Experiment Stations, U. 
S. Department of Agriculture 
. Report of Committee on Soil Hydraulics—F. E. Staebner, 
chairman 
Business Session 


STRUCTURES DIVISION PROGRAM 
J. L. Strahan, chairman, presiding 
Structures Division Future Program of <Activities—J. L. 
Strahan, chairman 
Report of Committee on Heating and Ventilating, F. L. 
Fairbanks, chairman 
. Report of Committee on Fire Protection and Prevention, 
T. F. Laist, chairman 
Progress Report of Special Committee on Standards for 
Dairy Barn Construction—F. C. Fenton, chairman 
The Federal Project to Coordinate Research in Farm 
Structures—Henry Giese, assistant agricultural engineer, 
Iowa Agricultural Experiment Station 
“Research in Farm Structures, 1928’’—R. W. Trullinger, 
agricultural engineer, Office of Experiment Stations, U. 
S. Department of Agriculture 
7. Discussion of program for December meeting of the Divi- 
sion 


Evening—8 :00—Technical Division Sessions 
(The programs of the technical divisions that are not 
completed during the afternoon sessions, will be con- 
tinued in the evening of Thursday, June 27. Other 
group meetings may be held at this time also.) 


(ornare 


New A.S.A.E. Members 
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L. C. Badgley, president, Badgley Implement Co., Boise, 
Idaho. 

- G. R. Brownback, rural salesman, Central Illinois Public 
Service Co., Canton, IIl. 

C. H. Everett, salesman, John Deere Plow Co., Moline, 
Il. 

’ H. F. Griswold, factory superintendent, J. I. Case 
Threshing Machine Co., Racine, Wis. 

Ove F. Jensen, assistant director, Northern Division, 
Soil Improvement Committee, National Fertilizer Associa- 
tion, Washington, D. C. 

L. L. Koontz, graduate assistant, Virginia Polytechnic 
Institute, Blacksburg, Va. 

V. L. Oliver, sales engineer, Twin City Separator Co., 
Fargo, N. D. 

T. H. Oppenheim, secretary, New Idea Spreader Com- 
pany, Coldwater, O. 

L. H. Schoenleber, graduate student, Iowa State Col- 
lege, Ames, Ia. 

H. E. Stover, rural salesman, Kansas Power and Light 
Co., Topeka, Kans. 

H. K. Taylor, farm sales representative, Jeff Hunt Road 
Machinery Co., Columbia, S. C. 
neering, Clemson Agricultural College, Clemson College, 
Ss. C. 


Transfer of Grade 


R. H. Wileman, assistant in agricultural engineering, 
Purdue University Agricultural Experimental Station, 
Lafayette, Ind. (Junior to Associate Member.) 
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Applicants for Membership 


The following is a list of applicants for membership in the 
American Society of Agricultural Engineers received since the 
publication of the April issue of AGRICULTURAL ENGINEERING. 
Members of the Society are urged to send information relative 
to applicants for consideration of the Council prior to election. 
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R. C. Beam, development engineer, The American Roll- 
ing Mill Co., Middletown, O. 
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Cc. C. Bell, manager, rural electrification department, 
Wisconsin Valley Electric Co., Wausau, Wis. 

M. H. Byrom, instructor, A. & M. College of Texas, 
College Station, Tex. 

J. S. Dhillon, student, University of Nebraska, Lincoln, 
Neb. 

K. S. Garcha, student, Loomis, Calif. 


J. M. Horner, agricultural engineer, Portland Cement 
Association, Carlisle, Pa. 


E. H. Neal, instructor in irrigation, University of Idaho, 
Moscow, Ida. 


H. C. Rutt, rural salesman, Public Service Company of 
Northern Illinois, Waukegan, IIl. 


P. D. Sanders, manager, The Sanders Farms, Redwood 
Falls, Minn. 


J. L. Schaller, secretary-treasurer, Mendota Mfg. & 
Transfer Co., Mendota, III. 
Ersel Walley, general farm manager, 


The Straus 
Brothers Co., Fort Wayne, Ind. 


Transfer of Grade 
Hobart Beresford, professor of agricultural engineering, 


University of Idaho, Moscow, Ida. (Associate Member to 
Full Member.) 


A. D. Edgar, assistant professor of agricultural engi- 
neering, University of Idaho, Moscow, Ida. (Associate 
Member to Full Member.) 


E. G. Lantz, assistant manager, Cement Products Bur- 
eau, Portland Cement Association, Chicago, IIl. 


ANUUUUUEVUUESU UU 


Employment Bulletin 


An employment service is conducted by the American Society 
of Agricultural Engineers for the special benefit of its members. 
Only Society members in good standing are privileged to insert 
notices in the ‘‘Men Available’ section of this bulletin, and to 
apply for positions advertised in the ‘‘Positions Open’’ section. 
Non-members as well as members, seeking men to fill positions, 
for which members of the Society would be logical candidates, 
are privileged to insert notices in the ‘‘Positions Open’’ section 
and to be referred to persons listed in the ‘“‘“Men Available’ 
section. Notices in both the ‘‘Men Available’ and ‘Positions 
Open’’ sections will be inserted for one month only and will 
thereafter be discontinued, unless additional insertions are re- 
quested. Copy for notices must be received at the headquarters of 
the Society not later than the 20th of the month preceding date 
of issue The form of notice should be such that the initial words 
indicate the classification. There is no charge for this service. 
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Men Available 


AGRICULTURAL ENGINEER, graduate of Mississippi A. & M. 
College and North Carolina State College of Agriculture, de- 
sires position in college work, either teaching, extension, or 
research. Has had teaching and extension experience for a 
period of nine years in southern agricultural institutions 
and for the past two years has handled work in drainage, 
irrigation, water supply and plumbing, machinery, building 
and repair work on a large demonstration farm in the South. 
MA-157 

AGRICULTURAL ENGINEER desiring advancement will con- 
sider position as manager of an agricultural enterprise «here 
practical experience coupled with a college training will be 
appreciated. Has held positions with two of the leading 
agricultural colleges of the Middle West. Married and 39 
years old. Prefer to locate in the Middle West. MA-162. 


ELECTRICAL ENGINEER, age 26, desires opportunity to spec- 
ialize in rural extension work. Has had one year experience 
in electrical merchandising sales and four years in electrical 
distribution engineering with large utility company. Lived 
on farm ten years and understands farm problems. Capable 
of directing work. Single. Prefers location in Middle West 
but will consider any place. MA-163. 

AGRICULTURAL ENGINEER desires position as teacher in a 
Southern college. Have had four years’ experience teaching 
agricultural engineering and five years teaching vocational 
agriculture. While in vocational agriculture work have had 
outstanding experience in farm shop work and in erecting 
farm buildings in my community. Age 32. Married. MA-161. 


Positions Open 


DESIGNING ENGINEER of high character, ability and experi- 
ence, capable of doing original layout work and acting as 
assistant in engineering department of company manufactur- 
ing tractors, threshers and combines is wanted. PO-153. 
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